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Sir: 

A Notice of Appeal was timely filed on January 14, 2009 in connection with the above-identified 
patent application. An Appeal Brief was due March 14, 2009, which is two months from the 
date of filing of the Notice of Appeal (37 CFR 41.37(a)(1)). Appellants hereby petition for a 
three-month extension of time. With the granting of the petition an Appeal Brief is now due 
Monday, June 15, 2009. The fee for filing an Appeal Brief (37 CFR 41.20(b)(2) and 
41.37(a)(2)) and the extension of time fee are submitted herewith. Accordingly, this Appeal 
Brief is being timely filed. 
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I. REAL PARTY IN INTEREST 



The real party in interest is the assignee, Wellstat Biologies Corporation. 
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II. RELATED APPEALS AND INTERFERENCES 

To the knowledge of the undersigned, there are no appeals, interferences or judicial proceedings 
that are related to, would directly affect, be affected by or have a bearing on the Board's decision 
in the present appeal. 
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III. STATUS OF CLAIMS 

Claims 1,6-13, 19, 24-37, 64-77 and 79-80 have been rejected and are under appeal. 



Claim 78 is objected to as being dependent on a rejected claim. 
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IV. STATUS OF AMENDMENTS 

On September 16, 2008, Applicants submitted an Amendment under 37 CFR § 1.116 seeking 
solely to cancel withdrawn claims 2-4 and 14-17. Although the Advisory Action of November 3, 
2008 did not explicitly indicate whether the amendment had been entered, the Notice of Panel 
Decision from Pre- Appeal Brief Review did not list claims 2-4 and 14-17 as being allowed, 
objected to, rejected or withdrawn. Applicants believe that the Amendment has been entered. 
Accordingly, the Claims Appendix does not include claims 2-4 and 14-17. 
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V. SUMMARY OF CLAIMED SUBJECT MATTER 

Independent claim 1 is directed to methods of reducing the viability 1 of a hematopoietic tumor 
cell 2 , comprising administering to the tumor cell a vesicular stomatitis virus 3 , 
wherein the virus is contained in a cell infected with the virus and the administering comprises 
administering the virus-infected cell 4 . 

Independent claim 35 is directed to methods of reducing the viability of a tumor cell within a 
population of cells 5 (comprising hematopoietic tumor cells and non-tumor cells) comprising 
administering a vesicular stomatitis virus 3 to the population of cells, such that the virus is 
delivered to the population of cells. The virus is contained in a cell infected with the virus and 
the administering comprises administering the virus-infected cell 4 . The virus is able to 
selectively reduce the viability of the hematopoietic tumor cells 2 . 



1 page 4, lines 6-7; page 1 1, lines 16-17; and original claim 1 

2 page 18, lines 17-20 and 25-28; page 19, lines 27-3 1; page 29, lines 12-16; page 41, lines 18-32; page 43, 
lines 20-28; page 51, lines 2-24; tables 1 and 6-7; and original claims 1-2, 5-13 and 23 

3 page 4, line 10; page 1 1, lines 29-30; page 20, lines 1-12; page 31, line 18 to page 32, line 18; and original 
claims 20-22 and 26-3 1 

4 page 19, lines 18-20; page 32, lines 22-28; page 33, lines 3-10; page 44, lines 12-13 and 19; figures 5-7; 
and original claim 34 

5 page 4, lines 18-26; page 30, line 28 to page 31, line 16; page 50, lines 4-18; page 51, lines 2-24; and 
original claim 35 
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VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

The two grounds of rejection for review by the Board is whether: 

(i) claims 27-31 and 73-77 are unpatentable under 35 U.S.C. § 112, first paragraph, for 
failing to meet the enablement requirements without a biological deposit; and 

(ii) claims 1, 6-13, 19, 24-37, 64-77 and 79-80 are unpatentable under 35 U.S.C. § 112, 
first paragraph, for failing to meet the enablement requirements. 
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VII. ARGUMENT 

A. Rejection under 35 U.S.C. § 112, first paragraph, for failing to meet the enablement 
requirements without a biological deposit 

(i) Claims 27-29, 31, 73-75 and 77 

Claims 27-29, 31, 73-75 and 77 remain rejected under 35 U.S.C. § 112, first paragraph, 
for failing to meet the enablement requirements without a biological deposit. Applicants 
respectfully submit that the claims satisfy the requirements of 35 U.S.C. § 1 12, first paragraph, 
and do not require a biological deposit. 

The Examiner states, 

[t]he deposit of biological organisms is considered by the Examiner to be 
necessary for the enablement of the current invention (see 37 CFR 1.808(a)). 

(July 16, 2008, Office Action, page 4.) Applicants respectfully disagree. 

With regards to an enablement rejection, "[t]he evidence provided by applicant need not 
be conclusive but merely convincing to one skilled in the art." (MPEP 2164.05 (eighth edition, 
September 2007); underlining in original.) 

Applicants emphasize that in the outstanding Office Action and previous Office Actions 
the Examiner has only made conclusory statements related to these claims as not meeting the 
enablement requirement (without a biological deposit). The Examiner has not, as required, 
provided reasons or evidence why deposits are necessary for the enablement of claims 27-29, 31, 
73-75 and 77. Therefore, the Examiner has not made a prima facie case of non-enablement. 

Furthermore, the Examiner states the "Applicant has failed to demonstrate that the VS V 
strains designated Ml, M2, M3, M4 and M5 are well known and readily available to the public 
without restriction." (Office Action, page 4; emphasis in original.) Applicants respectfully 
disagree. Not only has the Examiner failed to establish that the recited strains are not well 
known and not readily available, but Applicants have presented arguments (as below) that 
provide a prima facie showing that the VSV strains recited in claims 27-3 1 and 73-77 are well 
known and readily available to the public. 
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The MPEP states, 

[i]n an application where the invention required access to specific biological 
material, an applicant could show that the biological material is accessible 
because it is known and readily available to the public. The concepts of "known 
and readily available" are considered to reflect a level of public accessibility to a 
necessary component of an invention disclosure that is consistent with an ability 
to make and use the invention .... Unless there is a reasonable basis to believe 
that the biological material will cease to be available during the enforceable life of 
the patent, current availability would satisfy the requirement .... If an applicant 
has adequately established that a biological material is known and readily 
available, the Office will accept that showing. 

(MPEP § 2404.01 (eighth edition, September 2007); underlining and holding added.) 

Regarding whether the biological material is readily available, a review of the scientific 
literature indicates that a variety of researchers have had access to the VSV strains of claims 27- 
29, 31, 73-75 and 77. Because the strains are generally available to researchers in the field, 
Applicants respectfully submit that deposit under the terms of the Budapest Treaty is not 
necessary to meet the enablement requirement. 

As evidence of the widespread use of these strains, Applicants previously submitted, as 
part of an Information Disclosure Statement (IDS) with their Response dated April 7, 2008, 
copies of the following documents: 

• Desforges, etal, Virus Res. (2001) 76(1): 87-102 (Abstract). 

• Pasternak, etal, Virology (1988) 166(2): 379-386 (Abstract). 

• Marcus etal, J. Gen. Virol. (1980) 47(1): 89-96 (Abstract). 

• Ahmed etal, J. Virol. (2003) 77(8): 4646-4657. 

• Winship etal, J. Gen. Virol. (1984) 65: 843-847 (Abstract). 

• Ferranefar/., J. Virol. (1977) 71(1): 371-377. 

• Stanners, etal, Cell (1977) 11(2): 273-281 (Abstract). 

Desforges et al reports the use of mutant strains T1026 (Ml), TP3 (M3) and G3 1 (M5). 
Pasternak et al and Marcus et al report the use of mutant strain T1026 Rl (M2). Ahmed et al 
reports the use of mutant strains T1026R1 (M2), TP2 and TP3 (M3). Winship et al and Ferran 
et al reports use of mutant strain T1026R1 (M2). Stanners reports use of mutant strain T1026 
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(Ml). Applicants' specification at page 11, lines 23-25, provides a key to the varying 
nomenclature in the art for these strains. 

As further evidence that the VSV strains recited in claims 27-29, 31, 73-75 and 77 are 
available, many scientific journals require their authors to agree to make biological materials 
available to the research community. As evidence, Applicants previously provided, in Appendix 
A of their Response dated April 7, 2008, the following documents: 

• 2005 Instructions to Authors, Journal of Virology (Jan. 2005) 79(1): 1-16 

• Guide for Authors, Virology (as downloaded July 13, 2005) 

The Instructions to Authors wishing to publish in the Journal of Virology states: 

[b]y publishing in the journal, the authors agree that any . . . viruses . . . 
newly described in the article are available from a national collection or will 
be made available in a timely fashion and at reasonable cost to members of 
the scientific community for non-commercial purposes. 

(p. 2, left-hand column, last full paragraph; holding in original) The Guide for Authors wishing 

to publish in Virology states: 

[publication of a research article in Virology is taken to imply that the authors are 
prepared to distribute freely to academic researchers for their own use any 
materials (e.g., viruses, cells, DNA clones, antibodies) used in the published 
experiments. 

(Guide for Authors, Editorial Policies.) These policies indicate these journals require their 
authors to agree to make biological materials available to the scientific community. These 
policies and similar ones at other journals as well, provide further evidence that mutant VSV 
strains as recited in claims 27-29, 31, 73-75 and 77 are publicly available to members of the 
scientific community. Since the strains are generally available to researchers in the field, 
Applicants respectfully submit that deposit under the terms of the Budapest Treaty is not 
necessary to meet the enablement requirement. 

Applicants have clearly demonstrated and presented evidence that the viruses recited in 
claims 27-29, 31, 73-75 and 77 are readily available in the art. In spite of this, during the 
interview with Applicants' representative on March 5, 2008, the Examiner indicated his concern 
that the particular viral strains may not continue to be available for the life of the patent. 
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However, the Examiner has not presented any credible reasons or evidence why they would not 
continue to be readily available. Without credible reasons or evidence why they would not 
continue to be readily available, the burden remains with the Examiner to show that claims 27- 
29, 31, 73-75 and 77 are not enabled. 

In summary, Applicants have (i) clearly shown and presented evidence that the VSV 
strains recited in claims 27-29, 31, 73-75 and 77 are well known and readily available to the 
public and (ii) the Examiner has not, as required (e.g., see MPEP § 2404.01), provided a 
reasonable basis to believe that the biological materials are not readily available and will cease to 
be available during the enforceable life of the patent. The Examiner has not provided any 
evidence or reasoning to rebut this. Therefore, a biological deposit is not necessary. 

Even though Applicants believe that the above completely rebuts the Examiner's 
rejection, Applicants assert that the VSV strains of claims 27-29, 31, 73-75 and 77 are 
sufficiently described in the specification and in the art, at the time of the invention, so that one 
skilled in the art could make and/or use the VSV strains of claims 27-29, 31, 73-75 and 77. For 
example, Table 11, Figures 14-22, Example 27 and the Sequence Listing of Applicants' 
specification provide both nucleic acid and amino acid sequence information for viruses that are 
the subject matter of claims 27-29, 31, 73-75 and 77. Since one skilled in the art at the time of 
the invention upon review of the present application could have made and/or used the relevant 
VSV strains, a deposit is not necessary. 

(ii) Claims 30 and 76 (related to the M4 strain) 

Claims 30 and 76 remain rejected under 35 U.S. C. § 112, first paragraph, for failing to 
meet the enablement requirements without a biological deposit. Applicants respectfully submit 
that the claims satisfy the requirements of 35 U.S.C. § 1 12, first paragraph, and do not require a 
biological deposit. 

The Examiner states, 

[t]he deposit of biological organisms is considered by the Examiner to be 
necessary for the enablement of the current invention (see 37 CFR 1.808(a)). 
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(July 16, 2008, Office Action, page 4.) Applicants respectfully disagree that a deposit is 
necessary for the enablement of these claims. Applicants' specification at page 1 1, lines 23-25, 
provides a key to the varying nomenclature in the art for the strain M4. 

With regards to an enablement rejection, "[t]he evidence provided by applicant need not 
be conclusive but merely convincing to one skilled in the art." (MPEP 2164.05 (eighth edition, 
September 2007); underlining in original.) 

Applicants emphasize that in the outstanding Office Action and previous Office Actions 
the Examiner has only made conclusory statements related to these claims as not meeting the 
enablement requirement (without a biological deposit). The Examiner has not, as required, 
provided reasons or evidence why deposits are necessary for the enablement of claims 30 and 76. 
Therefore, the Examiner has not made a prima facie case of non-enablement. 

During the interview with Applicants' representative on March 5, 2008, the Examiner 
indicated his concern that the particular viral strains may not continue to be available for the life 
of the patent. However, the Examiner has not presented any credible reasons or evidence why 
they would not continue to be readily available. Without credible reasons or evidence why they 
would not continue to be readily available, the burden remains with the Examiner to show that 
claims 27-29, 31, 73-75 and 77 are not enabled. 

Even though Applicants believe that the above completely rebuts the Examiner's 
rejection, Applicants assert that the VSV strain of claims 30 and 76 is sufficiently described in 
the specification and in the art, at the time of the invention, so that one skilled in the art could 
make and/or use the VSV strains of claims 30 and 76. For example, Table 11, Figures 14-23, 
Example 27 and the Sequence Listing of Applicants' specification provide both nucleic acid and 
amino acid sequence information for viruses that are the subject matter of claims 30 and 76. 

B. Rejection under 35 U.S.C. § 112, first paragraph, for lack of enablement. 

Claims 1, 6-13, 19, 24-37, 64-77 and 79-80 remain rejected under 35 U.S.C. § 112, first 
paragraph, because: 
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the specification, while being enabling for methods utilizing attenuated VSV for 
reducing the viability of hematopoietic tumor cells in vitro and the use of 
attenuated VSV to reduce the viability of tumor cell based xenographs in 
immunodeficient mice, does not reasonably provide enablement for the utilization 
[of] attenuated VSV for the reduction of viability of all types of hemapoietic 
tumor cells to reduce the viability of a tumor cell in an immunocompetent animal. 

(July 16, 2008, Office Action, page 5.) Applicants respectfully disagree. 

The purpose of the enablement requirement is to ensure that the specification describes 
the invention in such terms that one skilled in the art can make and use the invention 
commensurate with the scope of the claims. {E.g., see MPEP § 2164 (eighth edition, September 
2007).) 

The Patent and Trademark Office (PTO) bears the initial burden of providing reasons for 
doubting the objective truth of the statements made by applicants as to the scope of enablement. 
Only when the PTO meets this burden, does the burden shift to applicants to provide suitable 
evidence indicating that the specification is enabling in a manner commensurate in scope with 
the protection sought by the claims. In re Marzocchi, 439 F.2d 220, 223, 169 USPQ 367, 369 
(CCPA 1971). The Examiner has not provided reasons for doubting that one skilled in the 
art could reduce the viability of hematopoietic tumor cells , in vitro or in vivo, using the 
claimed methods . 

What is pertinent to meeting the enablement requirement is whether one skilled in the art 
can make and use the invention commensurate with the scope of the claims. In other words, with 
regards to the present claims, can one skilled in the art use the claimed methods to reduce the 
viability of a hematopoietic tumor cell with administration of a VSV? Applicants have 
clearly demonstrated this, as discussed below, regardless of whether the administration is in vitro 
or in vivo. The Examiner has provided no evidence to the contrary. 

The Examiner's rejection is deficient and legally insufficient in that, inter alia, (A) the 
rejection focuses on whether Applicants' specification has enabled claims directed to treating 
cancer and/or efficacy in a human 6 and (B) Applicants have demonstrated that upon review of 



6 For clarity, Applicants believe that, if presented, similar claims to treating hematopoietic tumor cells are enabled 
by the present application. 
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Applicants' specification, one skilled in the art, at the time of the invention, would have been 
able to practice the claimed invention without undue experimentation. 

(i) Improper focus on "efficacy" and "therapeutic effect". 

Even though the practice of the claimed invention may result in a therapeutic benefit, the 
subject matter of the claims relates to "reducing the viability of a tumor cell". The present 
claims do not recite or require any "efficacy" or "therapeutic effect". However, throughout 
prosecution, the Examiner has inappropriately read the requirement for efficacy and/or 
therapeutic effect into the claims. For example, the Examiner states, 

contrary to applicant's assertion [that there is no limitation to treat cancer], the 

reduction in the viability of a tumor cell in the context of a living being . . . 

constitutes a therapeutic response .... Consequently, clinical response is 

pertinent with regard to the enablement of the instant claims. 

(July 16, 2008, Office Action, page 6.) The Examiner also states, 

the specification does not provide any basis for correlating the in vitro results with 
beneficial effects that could reasonably be expected when said viruses are administered in 
vivo to "treat" hematopoietic tumor cells, although in vivo use is clearly encompassed by 
the claims, [sic] Lacking either direct evidence for in vivo benefit , or a reasonable basis 
for correlating the in vitro and xenograft data as exemplified in the instant specification 
with in vivo benefit . Hence, the specification cannot be said to teach how to use the 
claimed viruses as pharmaceuticals without undue experimentation. 

(November 5, 2007, Office Action, page 20, underlining added.) On the contrary, whether or not 

a clinical response can be shown or predicted is not pertinent for meeting the enablement 

requirement with regards to the subject matter of the claimed invention, since the claims do not 

recite any limitations directly related to a therapeutic reduction of tumor cell viability or clinical 

response. 6 The Examiner seems to be confusing the differences between therapeutic applications 

and reducing the viability of a tumor cell. What is pertinent is whether one skilled in the art can 

make and use the invention, i.e. to reduce the viability of a hematopoietic tumor cell with 

administration of a vesicular stomatitis virus (VSV), commensurate with the claims. 

In the initial paragraph of the enablement rejection (July 16, 2008, Office Action, 
page 5.), the Examiner refers to reducing the viability of a tumor cell, but then focuses on 
arguments and documents allegedly showing that certain models and/or experiments do not 
correlate with efficacy or treatment in humans. For example, the Examiner states, 
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Gura . . . teach that xenographs are not good models for determining the efficacy 
of a treatment modality .... Gura illustrates the lack of correlation between 
efficacy in xenograft model systems and in vivo efficacy in humans. 

(July 16, 2008, Office Action, page 12, underlining added.) However, the Examiner has not 

expressed specific reasons why one skilled in the art, upon review of Applicants' specification 

would not have expected the claimed methods to result in the reduction of the viability of a 

tumor cell in vivo or in an immunocompetent animal. 

To further support this position, Applicants referred the Examiner to Ex parte Saito and 

Zhao (Appeal No. 2005-1442 before the Board of Patent Appeals and Interferences (BPAI), not 

binding precedent of the Board) and Ex parte Boutin (Appeal No. 2006-1879 before the BPAI, 

not binding precedent of the Board), which both stand for the proposition that unless the claims 

explicitly refer to a therapeutic benefit, typically the Examiner should not determine if the claims 

are enabled for an unclaimed therapeutic benefit. In Ex parte Saito and Zhao the Board stated, 

the examiner may be correct that achieving clinically useful gene therapy using 
the claimed method would require undue experimentation, but the claims are not 
nonenabled merely for encompassing that difficult -to-achieve outcome. 

(Ex parte Saito and Zhao, page 7.) In Ex parte Boutin the Board stated, 

when the claims are not directed to a method that achieves a therapeutically useful 
result, achieving such a result is not required for the claims to be enabled .... 
Thus, while the claims read on gene therapy methods, they do not require 
producing a clinically effective therapeutic response. 

(Ex parte Boutin, page 6.) The Ex parte Boutin decision also states, 

[t]his appeal involves claims to a method of transferring nucleic acids into cells, 
which the examiner has rejected as nonenabled .... Because we conclude that 
enabling the claimed method does not require providing therapeutically effective 
gene therapy, we reverse. 

(Ex parte Boutin, page 1 .) 

The claims in both Ex parte Saito and Zhao and Ex parte Boutin required expression of a 
gene but did not require a therapeutic result. Both of these decisions stand for the proposition 
that to satisfy the enablement requirement, all that was required is the expression of the transgene 
and not a therapeutic benefit. This is similar to the present application in that the claims require 
reduction of the viability of a hematopoietic tumor cell, but not a therapeutic benefit. The 
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Examiner has provided no evidence that one skilled in the art would not be able to reduce the 
viability of a hematopoietic tumor cell, in vitro or in vivo. The Examiner has not expressed 
specific reasons why one skilled in the art, upon review of Applicants' specification would not 
have expected the claimed methods to result in the reduction of the viability of a tumor cell. At 
most, some of the references cited by the Examiner (discussed in more detail below) may suggest 
that some drug candidates with positive results in a xenograft model are not later approved or 
used as drugs in people. However, a cancer drug candidate may fail to become an approved drug 
for various reasons including (i) the reduction in tumor cell viability may not meet a justifiable or 
predetermined level, (ii) the general toxicity may be too great, (iii) the therapeutic benefit does 
not justify the cost and/or (iv) the therapeutic results are not equivalent to or better than a 
standard of care. Therefore, cancer drug candidates can fail to be FDA approved treatments even 
though they are shown to reduce the viability of tumor cells in a patient. None of the references 
cited by the Examiner demonstrate or suggest that, upon review of the present specification, one 
skilled in the art would not have been able to reduce the viability of a hematopoietic tumor cell in 
vitro or in vivo using the claimed methods. 

The Examiner responded to Applicants' discussion of Ex parte Saito and Zhao and Ex 
parte Boutin by stating that, "contrary to applicant's assertion, the reduction in the viability of a 
tumor cell in the context of a living being . . . constitutes a therapeutic response." (July 16, 2008, 
Office Action, page 6.) In the following paragraph of the Office Action, the Examiner attempts 
to distinguish the present situation from these two board decisions in that they "are not germane 
to the instant application as . . . the instant claims refer to a therapeutic response." (July 16, 
2008, Office Action, page 6.) Applicants agree that in some cases practice of the methods 
claimed herein may result in a therapeutic result, but do not agree that the claims require a 
therapeutic response. 

In addition to the two BPAI decisions referred to above, Applicants referred the 
Examiner to Ex parte Ayishi (Appeal No. 2006-1608 before the BPAI, not binding precedent of 
the Board). This case is similar to the present case in that the claims do not specifically recite or 
require a therapeutic effect, but recite a method that may encompass methods capable of 
achieving a clinically effective therapeutic response. In Ex parte Ayisi the Board stated, 
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The invention that must be enabled to satisfy § 1 12 is the invention 
defined by the claims. See CFMX Inc. v. Yieldup Int'l Corp. . 349 F.3d 1333, 
1338, 68 USPQ2d 1940, 1944 (Fed. Cir. 2003) (Title 35 does not require that a 
patent disclosure enable one of ordinary skill in the art to make and use a 
perfected, commercially viable embodiment absent a claim limitation to that 
effect ). Thus, when the claims are not limited to a method that achieves 
therapeutic or clinical efficacy, such efficacy is not required for the claims to 
be enabled. 

Here, the claims are directed to a method comprising [ ] contacting a 
virus-infected cell with an extract from Ocimum gratissimum in an amount 
effective to inhibit cytopathic effects of the virus in the cell (claim 3 1). Thus, 
while it is fair to say that the claims encompass a method that achieves a clinically 
effective therapeutic response, they do not require it. Cf. In re Cortright , 165 F.3d 
1353, 49 USPQ2d 1464 (Fed. Cir. 1999) (claims to a method of treating scalp 
baldness could be enabled even if the method did not produce a full head of hair). 

We conclude that the potential problems identified by the examiner may 
indeed complicate treatment of a HIV in a patient, but such problems need not be 
overcome in order to contact[ ] a virus-infected cell with an extract from Ocimum 
gratissimum in an amount effective to inhibit cytopathic effects of the virus in the 
cell - all that is required by the claims. Thus, the examiner has not adequately 
explained why practicing the claimed method would have required undue 
experimentation. 

Moreover, a claim may encompass inoperative embodiments and still meet 
the enablement requirement of 35 U.S. C. § 1 12, first paragraph. See Atlas Powder 
Co. v. E.I. Du Pont De Nemours & Co. . 750 F.2d 1569, 1576, 224 USPQ 409, 
413 (Fed. Cir. 1984), In re Angstadt 537 F.2d 498, 504, 190 USPQ 214, 218 
(CCPA 1976), In re Cook . 439 F.2d 730, 732, 169 USPQ 298, 300 (CCPA 1971). 
And the stage at which an invention in this field become useful is well before it is 
ready to be administered to humans. In re Brana . 51 F.3d 1560, 1568, 34 USPQ2d 
1436, 1442 (Fed. Cir. 1995). (While the Brana court referred to usefulness, the 
rejection on appeal was for nonenablement. See id. at 1564, 34 USPQ2d at 1439.) 

Therefore, as the examiner has failed to set forth a prima facie case of 
unpatentability under 35 U.S. C. § 112, first paragraph, we are compelled to 
reverse the rejection. 

(Ex parte Ayisi, pages 5-7, underlining in original; quotation remarks removed, holding added.) 
Applicants assert that the enablement issues of Ex parte Ayisi are relevant, at least in part, to 
those in the present application. In the case of Ex parte Ayisi, the claims refer to a method 
comprising contacting a virus-infected cell with an extract from Ocimum gratissimum in an 



amount effective to inhibit cytopathic effects of the virus in the cell, whereas the present claims 
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refer to methods of reducing the viability of a tumor cell, comprising administering to the tumor 
cell a vesicular stomatitis virus. 

Therefore, the Examiner has improperly focused on enabling therapeutic treatment and 
has not provided specific reasons why one skilled in the art would not have been enabled to 
reduce the viability of a hematopoietic tumor cell commensurate with the claims. 

(ii) Claims Are Enabled and Xenograft Models Are Predictive for Claimed Invention 

Several of the documents cited by the Examiner actually conclude that in the case of 

cytotoxic agents, xenograft models are predictive of clinical outcome. For example, Peterson et 

al. (Eur. J. Cancer 2004 40:837-844) states: 

from the perspective of drug sensitivity, at least to the conventional cytotoxic 
agents that comprise most of our current experience, the subcutaneous models 
appear relatively predictive. 

(page 838, first column.) Along the same lines, Kelland (Eur. J. Cancer. 2004, 40(6):827-836) 

states 

one may reasonably conclude that, at least for cytotoxic cancer drugs, the human 
tumour xenograft model, is a good predictor of clinical activity. 

(page 83, first column.) Inter alia, VSV can be thought of as cytotoxic agent for hematopoietic 

tumor cells. Therefore, these documents cited by the Examiner support a conclusion that the 

claimed invention is enabled. 

Applicants' previous Reply of November 24, 2004 discussed McCormick (U.S. Patent 
No. 5,677,178) and Pecora (Pecora etal. J. of Clin. Oncol. 20(9):225 1-2266 (2002)). Inter alia, 
McCormick and Pecora are presented as showing that viral therapy results, using in vitro assays 
and in vivo xenograft models, reasonably correlate with clinical results. The only experimental 
results contained in McCormick are the results of in vitro testing (Patent No. 5,677,178, column 
18, line 42 to column 20, line 23; and Figures 2A-3C). Nevertheless, McCormick bases his 
teaching of human therapy on those in vitro results (Patent No. 5,677,178, column 16, line 45 to 
column 18, line 25). The Examiner attempted to devalue the importance of McCormick by 
noting that "it is well settled that whether similar claims have been allowed to others is 
immaterial." (May 26, 2004 Office Action, page 8). That statement of the law is fair enough, but 
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it missed the point that Applicants do not cite McCormick for its status as an issued patent, but 
rather for the fact that it illustrates that McCormick, like so many others, considered in vitro 
results to support his teaching of human therapy. T 

Additionally, the McCormick patent relates to ablating neoplastic cells using an Elb 
deleted adenoviral vector. Onyx-015 is an Elb deleted adenoviral vector that was shown to have 
efficacy in human clinical trials. {E.g., see Nemunaitis et al. Journal of Clinical Oncology, 
19(2):289-298 (2001).) Pecora describes positive Phase I data using a replication competent 
strain of Newcastle Disease Virus. Both Pecora and McCormick demonstrate that the results 
from in vitro and in vivo models, described in each article, have a reasonable correlation with 
clinical results. The same or similar models have been utilized in Applicants' specification and 
in the articles discussed below. 

However, the Examiner dismissed the value of the Pecora and McCormick documents 
saying, "since neither McCormick nor Pecora utilize VSV to treat hematopoietic cancers, they 
cannot be relied upon to 'demonstrate' that in vitro data correlates with in vivo efficacy." 7 
(February 7, 2007, Office Action, page 10.) But, of course the arguments of the rejection are not 
specific to VSV either, but rather relate to the alleged difficulty of correlating in vitro results to 
in vivo efficacy in the cancer field generally. Thus, the citations to Pecora and to McCormick are 
properly cited to refute the rejection. Applicants respectfully assert that these two documents are 
more relevant than the articles relied on by the Examiner in an attempt to support an enablement 
rejection. McCormick and Pecora use assays and models to test viral therapy and support the 
position that these models have a reasonable correlation with clinical results. Applicants could 
not find any passages in the articles cited by the Examiner that even discuss assays or models 
with regards to viral therapy, let alone related to the utilization of VSV. In fact, most if not all of 
the articles relied on by the Examiner relate to small molecule drug evaluations. 



7 Following the Examiner's logic, the references referred to by the Examiner cannot be relied upon to 
allegedly "demonstrate" that in vitro or in vivo data does not correlate with clinical efficacy. 
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Applicants previously provided the following journal articles related to reducing the 
viability of a hematopoietic tumor cell(s) comprising administering a VSV virus to the tumor 
cell(s). 

(i) Lichty et al. (Human Gene Therapy, 15:821-831 (2004)) 

(ii) Cesaire et al. (Oncogene, 25:349-358 (2006)) 

(iii) Porosnicu et al. (Cancer Research 63 :8366-8376 (2003)) 

(iv) Balachandran and Barber (IUBMB Life 50:135-138 (2000)) 

(v) Stojdl et al. 2003 (Cancer Cell, 4:263-275 (2003)) 

(vi) Stojdl et al. 2000 (Nature Medicine, 6(7):821-825 (2000)) 

These articles were published subsequent to Applicants' priority filing (U.S. Patent 
Application No. 60/287,590, filed September 17, 1999). These articles provide evidence that at 
the time of Applicants' priority filing, one skilled in the art using the teachings in Applicants' 
specification would have been enabled to use the presently claimed methods for reducing the 
viability of a tumor cell(s) by administering a vesicular stomatitis virus to the tumor cell(s). 

In particular, Lichty et al. shows, inter alia, the following: (1) Four distinct VSV virus 
strains were able to kill at least 11 of 12 cell lines in a panel of human leukemic cell lines {e.g., 
see page 821, Overview Summary paragraph and Table 1); (2) Two VSV viruses were 
successfully used to purge leukemia cells from mixed cultures containing peripheral blood stem 
cells (see, e.g., paragraph bridging page 827-828 and Table 3); and (3) VSV viruses kill 
myeloma cells from primary patient samples (see, e.g., paragraph bridging column 1 to column 2 
on page 828 and Figure 3). Therefore, Lichty et al. shows both (i) a reduction of viability in 
most, if not all, hematopoietic tumor cell types by administering a VSV virus and (ii) a reduction 
of viability of hematopoietic tumor cells from human patients . 8 This article also shows the 
selective reduction in viability of hematopoietic tumor cells (leukemic cells) in a population 
comprised of peripheral blood stem cells. Lichty et al. concludes the article by stating: 



8 Lichty et al. also states, "[w]e have been struck by the extreme resistance of normal bone marrow 
progenitors to VSV infection ... it is clear that bone marrow stem cells and normal peripheral blood 
lymphocytes have active antiviral programs that rapidly blunt virus infections." 
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[tjaken as a whole these observations and the results reported in this study point to 
the utility of VS V as a leukemolytic agent for the in vivo and ex vivo treatment of 
hematologic malignancy. 

The results described in Lichty et al. provide, at minimum, a reasonable correlation that 

Applicants' claimed methods, related to reducing the viability of a tumor cell, are applicable in 

vitro, ex vivo, or in vivo {e.g., in a human), especially in light of the fact that Lichty et al. 

describes results using human patient samples . Therefore, Lichty et al. demonstrates that 

Applicants' claimed invention is enabled. 

Cesaire et al. tested four adult T-cell leukemia samples from four human patients . All 
four samples "underwent rapid oncolysis in a time dependent manner" upon administration of a 
VSV virus. {E.g., see abstract and Table 1.) Additionally, a reduced viability was observed 
upon administration of a VSV virus to 2 of 2 HTLV-1 transformed T-cell lines and 2 of 2 B-cell 
chronic lymphocytic leukemia (B-CLL) cell lines. 9 {E.g., see page 351, first column, last 
paragraph and page 353, first column, respectively.) "[N]onleukemic cells from patients with 
HAM/TSP [HTLV-1 -associated myelopathy/tropical spastic paraparesis] were resistant to VSV 
infection." (Page 355, second column.) Similar to Lichty et al, Cesaire et al. also describes 
results using human patient samples . Therefore, Cesaire et al. demonstrates that Applicants' 
claimed invention is enabled. 

Porosnicu et al. shows that infection of K562 cells (human leukemia cell line) and EL4 
cells (T-cell lymphoma) with 4 different VSV viruses resulted in >75% cell death within 24 
hours. {E.g., see page 8370, second column, first full paragraph and Figure 4). These four 
viruses were also tested in vivo in an immunocompetent mice model using A20 cells (B-cell 
lymphoma cells). The Examiner has referred to Bibby as teaching that "in the interest of finding 
more clinically relevant models, orthotopic models have been developed." (February 7, 2007, 
Office Action, page 8.) In fact, the immunocompetent mice model using A20 cells is an 



9 Cesaire et al. also tested three B-CLL and one T-CLL from patients, ex vivo. According to Cesaire et al. 
these samples were not permissive to VSV replication. {E.g., see page 353, first column and Table 1.) 
However, Cesaire et al. states, "[t]his discrepancy in VSV oncolysis may be due to the fact that CLL cells 
do not proliferate but remain in G 0 ex vivo (Meinhardt et al, 1999; Caligaris-Cappio, 2003)." (Page 357, 
second column.) 
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orthotopic model, in which Porosnicu et al. demonstrated a significant reduction of in vivo tumor 
growth for each of the four VSV viruses as compared to the control groups. {Kg., see page 
8371, columnl and Figure 5.) 

Balachandran and Barber show that 4 of 4 hematological malignancies tested had their 

viability reduced by administration of a VSV virus. Balachandran and Barber state: 

[t]o further examine the ability of VSV to induce cell death in other transformed 
human cell lines, including those derived from . . . various cells derived from 
hematological malignancies (HL 60, K562, Jurkat, BC-1), we infected those cells 
with VSV as described in Experimental Procedures. We observed that VSV 
efficiently replicated and induced cytolysis of every established cell line tested. 

(Page 136, paragraph bridging columns 1 and 2.) 

Stojdl et al. 2003 also screened a panel of leukemia cell lines and found that 4/6 cell lines 
tested were deemed highly sensitive to wild-type VSV infection, e.g., see Table 2 A. This 
document is silent as to if the other two cell lines were sensitive, but not highly sensitive, to VSV 
infection. 

Stojdl et al. 2000 shows that "acute myelogenous leukemia (AML) cell lines OCI/AML3, 
OCI/AML4 and OCI/AML5 were very susceptible to VSV infection". {Kg., see page 822, 
column 2.) Additionally, this article shows that VSV had selective oncolytic properties in a co- 
culture of leukemic OCI/AML3 cells mixed with normal human bone marrow cells (at a ratio of 
1:9). {Kg, see page 22, column 2, first sentence.) 

The articles discussed in this section provide clear evidence that the viability of 
hematopoietic tumor cells, in general, are reduced upon administration of a vesicular stomatitis 
virus. Additionally, these articles demonstrate that the claims, as presented herein, are enabled. 

(iii) Articles Cited by the Examiner to Allegedly Support Enablement Rejection 

The following articles are being cited by the Examiner to allegedly support the 
enablement rejection. Applicants discuss why each of them does not support the enablement 
rejection of the claimed invention. As a general point, many of these articles actually provide 
support that (i) the claims are enabled and (ii) even that one skilled in the art would conclude that 
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specification would reasonably correlate with 



Kelland (Eur. J. Cancer. 2004, 40( 6): 827-836) 

The Examiner's summaries of Kelland do not directly relate to or compare statements in 
Kelland to Applicants' claimed invention. Therefore, Applicants are not able to specifically 
address Kelland with regards to the current enablement rejection of the present claims. 

On the other hand, Kelland, which is cited by the Examiner, provides various rationale 
which supports the premise that the in vitro and in vivo results in Applicants' specification and in 
the articles discussed above are predictive of results in a human. 

Kelland provides analyses that indicate whether or not human tumor xenograft models 

might be predictive of clinical results. Kelland summarizes these analyses stating: 

[o]verall, taking all of the above into consideration, one may reasonably conclude 
that, at least for cytotoxic cancer drugs, the human tumour xenograft model, is a 
good predictor of clinical activit y. 

(Kelland, page 83 1, first column; underlining added). In fact when referring to Kelland, the 

Examiner stated that "the successful use of such models in cytotoxic drug development is 

conclusive." (July 16, 2008, Office Action, page 13.) VSV viruses can reduce the viability of a 

tumor cell, inter alia, via cytotoxic effects. Therefore, successful results are a "good predictor of 

clinical activity" and demonstrate that the claimed subject matter meets the requirements for 

enablement. Kelland goes on to state that, 

[i]n careful mechanism-based studies, combined with sound pharmacological 
principles (as described above), then, in my view, the xenograft model remains of 
great value, both for assisting in the selection of leads for clinical evaluation and 
for guiding clinical studies. 

(Kelland, page 833, second column.) Although not wishing to be bound by theory, Applicants' 

specification provides possible mechanisms related to the claimed methods. For example, 

differential susceptibility of a tumor cell to a VSV virus can be more pronounced in the presence 

of interferon. Also, differential susceptibility of a tumor cell to a VSV virus can be related to, 

inter alia, the PKR status of a tumor cell. Some, if not all, of the in vitro and in vivo studies 

described in the present application and in the articles described above may be considered as 
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mechanism-based studies and, according to Kelland, are therefore of assistance in guiding 
clinical studies. 

The Examiner admits that "Kelland discloses that the xenograft model is an effective 
screen for candidates for Phase I clinical trials". (July 16, 2008, Office Action, page 7.) If a 
drug candidate is approved for a Phase I clinical trial, then obviously those skilled in the art 
expect a correlation between the preclinical results and the expected clinical results. Therefore, 
based on the Examiner's summary of Kelland, those skilled in the art consider the xenograft 
model to reasonably correlate with clinical outcomes. Otherwise, Kelland would not conclude 
that the xenograft model is an effective screen for candidates for Phase I clinical trials. 

In summary, Kelland clearly supports the position that one skilled in the art would 
conclude that the models and related results, described in Applicants' specification and in the 
articles cited above, reasonably correlate with an expected similar result in other animals, such as 
humans. 

Wang et al. (Exp. Opin. Biol. Ther. 2001, U2):277-290) 

Although the Examiner continues to cite Wang et al. , Applicants are unclear as to the 
relevance of this article with regards to the presently claimed invention. Wang et al. relates to T- 
cell-directed cancer vaccines, whereas the claimed invention relates to methods of reducing the 
viability of a hematopoietic tumor cell(s) comprising administering to the hematopoietic tumor 
cell(s) a VSV virus. 10 Therefore, Applicants do not understand the relevance of the sections of 
Wang et al, referred to by the Examiner, to the subject matter of the claims as presented herein. 
Additionally, the Examiner has not described how the disclosure of Wang et al. relates to the 
results in Applicants' specification or to the presently claimed invention. 

Gura ( Science, 1997, 278:1041-42) 

Gura discusses historical results in a general and broad sense. Applicants' presently 
claimed methods relate to, inter alia, reducing the viability of a hematopoietic tumor cell(s), 



10 Although, Applicants acknowledge that in vivo the immune system may contribute to reducing the 
viability of a tumor cell. 
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comprising administering to the tumor cell(s) a VSV virus. Gura does not speak to the predictive 
value of models related to evaluating the administration of a virus to a tumor cell. Therefore, 
Gura bears little, if any, relevance to the presently claimed invention or related in vitro or in vivo 
experiments. 

Voskoglou-Nomikos et al. (Clin. Cancer Res. 2003 9:4227-4239) 

Again, the Examiner has not related the disclosure in Voskoglou-Nomikos et al. to the 
claimed invention. Referring to Voskoglou-Nomikos et al, the Examiner states that "xenograft 
models were only predictive for non-small cell lung [cancer] and ovarian cancers, but not for 
breast and colon cancers". (February 7, 2007, Office Action, page 6.) Voskoglou-Nomikos et 
al. appears to be silent with regards to predictability of the xenograft models related to the 
administration of a VSV virus to a hematopoietic tumor cell. Also, Voskoglou-Nomikos et al. 
suggests predictability can vary with specific models. Therefore, Voskoglou-Nomikos et al. 
provides no evidence as to whether in vitro or in vivo experiments related to administering a 
VSV virus to a hematopoietic tumor cell(s) reasonably correlate to expected results in other 
animals, such as humans. 

Saiio etal. (Cancer Science 2004, 95qp):772-776) 

The Examiner indicated that, 

Saijo et al. discloses that while numerous phase III trials have been conducted 
upon the basis of promising preclinical data such as that disclosed in the instant 
application, few have yielded strongly positive results, and the majority of results 
have been negative (e.g., abstract). 

(July 16, 2008, Office Action, pages 6-7; underlining added.) Most negative phase III 
results do not prove statistical inactivity. Instead these "negative" results can indicate that a 
certain degree of activity has not been met in the clinic for the sample size tested. Even Saijo 
admits finding active drugs in the clinic are often hampered by having extremely small sample 
sizes (e.g., see page 774; second column). Economic factors come into play when determining 
sample sizes. Of course, typically drugs that have "strongly positive" results will allow for a 
phase III trial to be successful with a small sample size. Applicants note, the present claims do 
not require "strongly positive" results. 
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Applicants note that Saijo focuses on whether the results of preclinical studies for 
molecular-target-based drugs correlate with results seen in clinical trials. Applicants do not 
consider the disclosure of Saijo to have particular relevance to methods of reducing the viability 
of a hematopoietic tumor cell(s) comprising administering to the tumor cell(s) a VSV virus. As 
noted herein, Voskoglou-Nomikos et al. suggests predictability can vary with specific models. 

Schuh (Toxicologic Pathology 2004, 32(Suppl. l):53-66) 

Schuh states "[c]ommon reliance on survival and tumor burden data in a single mouse 
model often skews expectations towards high remission and cure rates; seldom duplicated in 
clinical trials." (Abstract; underlining added.) As Applicants show herein, administration of 
VSV virus in several mouse models using hematopoietic tumor cell types resulted in reducing 
the viability of the hematopoietic tumor cells. Therefore, one skilled in the art would expect 
these results to reasonably correlate with results expected in a human. 

Bibbv (Eur. J. Cancer 2004 40(6):852-857) 

The Examiner refers to Bibby as teaching that "in the interest of finding more clinically 

relevant models, orthotopic models have been developed". (July 16, 2008, Office Action, page 

8.) Bibby discusses whether to use orthotropic models, for example, as opposed to some 

xenograft models. However, Bibby does not teach that results in xenograft models do not 

reasonably correlate with clinical results in another animal or a human. In fact with regards to a 

hematopoietic cell(s), Bibby states: 

In the past, murine tumour systems were used for drug screening with mouse 
leukaemias being utilised as prescreens [1]. These grew very rapidly, had a high 
growth fraction and proved to be sensitive to a number of agents that were 
subsequently shown to have more activity against leukaemias and lymphomas 
than against solid carcinomas and sarcomas and to be toxic to the bone marrow 
[2]. As a result of these early screens, there is a general misconception that 
tumours in rodents are sensitive to drug therapy and are easy to cure. In reality 
this is untrue and back in 1987 Corbett and colleagues [3] pointed out that most of 
the agents that had entered the clinic at that time had poor or no activity against 
the majority of transplantable solid tumours in mice. Modest activity is often 
seen, but this is usually at the expense of host toxicity [4]. 
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(page 852.) Bibby clearly stands for the proposition that with regards to leukemias "there is a 
general misconception that tumours in rodents are sensitive to drug therapy and are easy to cure" 
and that "[m]odest activity is often seen." Therefore, one skilled in the art would conclude that 
methods resulting in the reduction of the viability of a hematopoietic tumor cell(s) in a rodent 
would reasonably correlate with results obtained in a human. 

Peterson et al. (Eur. J. Cancer 2004 40:837-844) 

Peterson et al. discusses methods that might improve the predictability of results in a 
xenograft model. Peterson et al. does not teach that results in xenograft models do not 
reasonably correlate with clinical results in another animal or a human. Therefore, Applicants 
are unclear as to the relevance of Peterson to the subject matter of the claims presented herein. 

The Examiner states "Peterson et al. teaches numerous agents have show [sic] exciting 
activity in preclinical models and yet have had minimal activity clinically". (July 16, 2007, 
Office Action, page 16.) Therefore, Peterson is not saying they had no activity. 

(iv) The Claimed Invention Is Enabled With Regards To The Genus Of Hematopoietic 
Tumor Cells 

Applicants' previous Replies have shown that numerous tumor cell lines, representing at 
least 9 different hematopoietic tumor types, are susceptible to VSV infection. This represents a 
wide range of tumor cell types and therefore demonstrates enablement commensurate with the 
scope of the present claims. 

The specification teaches that "VSV has a broad host range and is capable of infecting 
most types of human cells, whereas other viruses are more limited in regard to the types of cells 
they may effect". (Specification, page 6, lines 27-29). In view of the broad host range of VSV, 
the person of ordinary skill in the art would not require undue experimentation to practice the 
claimed invention. 

There are ample data supporting the claim that hematopoietic cancers are, in general, 
appropriate targets for therapy with VSV (see Table A below which summarizes data within the 
specification). Six different classes of hematopoietic cancer cell lines were tested in many 
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different experiments and found to be susceptible to VSV including megakaryocyte leukemia, 
lymphoid leukemia, acute myelogenous leukemia, chronic myelogenous leukemia, T cell 
leukemia and myeloma (Table A below). Further supporting evidence within the application is 
provided by the breadth of tumor cell types that are shown to be sensitive to VSV-mediated 
killing. The data in Table 1 of the application show that a broad panel of tumor cell types is 
sensitive to killing by VSV. Together, the data within the specification demonstrates that a wide 
variety of tumor cell types, and specifically hematopoietic cancers, are appropriate targets for 
therapy with VSV. 



Table A. Diverse Hematopoietic Cancers Were Found to be Sensitive to VSV as Indicated in the 
Specification. 



Cell Line 
Sensitive to 
VSV 


Type of hematopoietic 
cancer 


Data in Specification 


M07E 


Megakaryocytic 
Leukemia 


(1) Table 1 

(2) Example 2: "Two leukemia cell lines M07E 
and L1210; Table 1) were killed following an 
overnight infection and produced large amounts 
of virus." (page 30 lines 1 1-12); 

(3) Specification (page 19, lines 29-31): "In 
contrast two leukemia cell lines (M07E and 
L1210) were also tested and found to be 
susceptible to VBV infection as evidenced by 
cytopathic effect, virus growth and loss of cell 
viability." 


L1210 


Lymphoid Leukemia 


As noted above. 


AML5 


Acute Myelogenous 
Leukemia 


(1) Specification (page 29, lines 12-14): "Other 
cell lines, including a lung carcinoma cell line 
(LC80) and a leukemia cell line, AML5 (acute 
myelogenous leukemia 5) cells were also found 
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to be effectively killed by VSV." 


AML3 


Acute Myelogenous 
Leukemia 


(1) Example 14 AML3 cells die by apoptosis 
following infection with VSV. See entire 
example. 

(2) Example 15 Mutant VSV strains infect and 
kill AML cells. See entire example. 

(3) Example 26 Selective killing of AML cells 
co-cultured with normal bone marrow; Also 
see Table 10. 


Primary 
acute 

myelogenous 
leukemia 


Acute Myelogenous 
Leukemia 


(4) Specification (page 30, lines 25-26): "These 
results demonstrate VSV is able to 
preferentially kill primary leukemia blast cells 
while sparing normal blood cells." 


K-562 


Chronic Myelogenous 
Leukemia 


Example 19 and Table 8. "This example shows that 
VSV is able to infect and kill a diverse set of leukemia 
cell types." 


MOLT-4 


T Cell Leukemia 


Example 19 and Table 8 


SR 


Myeloma 


Example 19 and Table 8 


H929 


Myeloma 


Example 19 and Table 8 



As discussed above, additional research performed after the filing of the application 
demonstrates that at least six additional hematopoietic cancer cell lines (LY-8 B-cell lymphoma; 
LY-18 B-cell lymphoma; Jurkat acute lymphoblastic leukemia; OCI-MylO myeloma; 
OCI/AML1 acute myeloid leukemia; H191 acute myeloid leukemia) were all sensitive to killing 
by VSV (Lichty etal. 2004, Human Gene Therapy 15:821-31). 

Furthermore, the specification teaches characteristics for which one skilled in the art can, 
without undue experimentation, screen a particular hematopoietic tumor cell type to confirm its 
sensitivity to VSV, e.g., screen for reduced or no activity of (i) PKR, (ii) PML (iii) STAT1, 
and/or (iv) interferon regulatory factor (IRF-1) and/or interferon (see e.g., page, 4 lines 8-22; 
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page 11, lines 21-27; page 12, line 7 to page 16, line 22; and Example l). 11 For example, 
"results obtained for Table 1 (in the specification) demonstrate that a screening strategy for 
determining the types of tumours which are susceptible to killing by VSV may be employed". 
(Specification, page 29, lines 29-31.) The level of testing taught in the application and known in 
the art is well within the capabilities of one skilled in the art, at the time of filing, and would not 
require undue experimentation. 

While no model is perfect, Winograd concluded that there is "a good predictability of a 
panel of human tumor lines for clinically effective drugs" and that "the application of human 
tumor xenografts in anticancer drug development is warranted." (B. Winograd, et al., "Human 
tumor xenografts in the nude mouse and their value as test models in anticancer drug 
development (review)" In Vivo (1987) 1: 1-14, Abstract on p. 1). In the oncology reference 
Cancer Principles & Practice of Oncology (2001; 6 th edition; editors: DeVita VT, Jr; Hellman S, 
and Rosenberg SA)) , Chu et al. (Section 19.2, para, bridging pp. 352-353) indicate that as part 
of the standard NCI development scheme for new cancer drugs, the human tumor cell line most 
sensitive to an active candidate in vitro is selected for testing in vivo as a xenograft in a 
subcutaneous implant site in a nude mouse. The U.S. FDA typically accepts positive tumor 
xenograft results as a sufficient level of preclinical activity when approving a clinical trial for an 
investigational new drug (IND). 

It is, of course, important not to confuse "the requirements under the law for obtaining a 
patent with the requirements for obtaining government approval to market a particular drug for 

human consumption." In re Brana . 51 F.3d 1560, 1567, 34 USPQ2d 1436, (Fed. Cir. 

1995), citing. Scott v. Finney . 34 F.3d 1058, 1063, 32 USPQ2d 1 1 15, 1 120 (Fed. Cir. 1994). 

In maintaining the rejection the Examiner has cited several articles, which together 
demonstrate nothing more than the unsurprising observation that the in vitro environment cannot 
duplicate the in vivo environment exactly. Nevertheless, it is undeniable that in vitro 
experiments continue to be performed and relied upon to identify treatments for in vivo use. If 



11 For clarity, with the exception of claims 19 and 71, Applicants' invention, as claimed herein, is 
not limited to reducing the viability of tumor cells with these characteristics. 
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the rejection was correct that "clinical correlations are generally lacking" (December 30, 2002, 
Office Action, page 6.), in vitro experiments would not be as widely used as they are. 

Additionally, Applicants refer to the prosecution of U.S. Patent Application No. 
1 1/685,483 ('483 application(abandoned)), which claims priority to the present application and 
was examined by the same Examiner as the instant application. Claim 1 of this related 
application recited: 

[a] method of reducing the viability of a tumor cell, comprising administering to 
the tumor cell a vesicular stomatitis virus, 
wherein said tumor cell is a carcinoma,, 

wherein the virus is contained in a cell infected with the virus, and 
wherein the administering comprises administering the virus-infected cell. 

The tumor cell in this claim was a carcinoma, whereas the tumor cell in claim 1 of the present 

application is a hematopoietic tumor cell. In an obviousness rejection of, inter alia, the claim 1 

of the '483 application, the Examiner states that "the use of VSV as a cancer treatment is well 

known in the art yielding predictable results". (April 10, 2008, Office Action, page 21, for U.S. 

Patent Application No. 1 1/685,483.) 

Something well known in the art yielding predictable results is clearly enabled. If the use 

of VSV as a cancer treatment is well known in the art yielding predictable results, then it follows 

that, at the time of the claimed invention, one skilled in the art upon review of Applicants' 

specification would consider that a method, as claimed herein, of reducing the viability of a 

tumor cell comprising administering to the tumor cell a vesicular stomatitis virus infected cell is 

clearly enabled. Therefore, based on the specification, Applicants' remarks and/or as confirmed 

by the Examiners' own admission, claims 1, 6-13, 19, 24-37, 64-77 and 79-80 are enabled. 

(v) Summary 

In summary, no reasons or evidence have been presented that show or suggest that one 
skilled in the art cannot reduce the viability of a hematopoietic tumor cell in vitro or in vivo, even 
in an immunocompetent animal, using the claimed methods. In other words, as long as one 
skilled in the art at the time of filing, using the teachings of Applicants' specification, could 
reduce the viability of a hematopoietic tumor cell commensurate with the scope of the claimed 
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methods, the claims are enabled. There has been no evidence presented to the contrary. 
Therefore, a prima facie case for lack of enablement has not been made. 

Applicants have demonstrated herein that one skilled in the art, upon review of 
Applicants' specification, would have been enabled at the time of filing to reduce the viability of 
a hematopoietic tumor cell(s) without undue experimentation, even in an individual such as a 
human, using methods that are the subject matter of the claims presented herein. In addition, 
Applicants have discussed articles that provide further evidence that following the teachings of 
Applicants' specification one skilled in the art at the time of filing would have been able to 
reduce the viability of a hematopoietic tumor cell(s) comprising administering a vesicular 
stomatitis virus to a tumor cell(s). Furthermore, based on the principles of the articles cited by 
the Examiner and as discussed above, the in vitro and in vivo results presented in Applicants' 
specification and in some of the above articles demonstrate that one skilled in the art would 
conclude that these results will reasonably correlate with results expected in other animals 
(including humans) with respect to reducing the viability of a hematopoietic tumor cell(s) 
comprising administering a vesicular stomatitis virus to a tumor cell(s) as claimed. 
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VIII. CONCLUSION 

Reversal of all rejections is respectfully requested. 

No fee, other than the fee prescribed by 37 CFR 41.20(b)(2) for filing an Appeal Brief and the 
extension of time fee, is believed necessary in connection with the filing of this Appeal Brief. If 
any additional fee is required, the Commissioner is hereby authorized to charge the amount of 
such fee to Deposit Account No. 50-1677. 

Respectfully submitted, 

/Douglas A. Golightly/ 

Douglas A. Golightly 
Reg. No. 51,244 
Agent for Appellant(s) 
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IX. CLAIMS APPENDIX 

1 . (Previously presented) A method of reducing the viability of a tumor cell, comprising 
administering to the tumor cell a virus, such that the virus is delivered to the tumor cell, 

wherein said virus is a vesicular stomatitis virus and said tumor cell is a hematopoietic 
tumor cell and 

wherein the virus is contained in a cell infected with the virus and the administering 
comprises administering the virus-infected cell. 

2-5. (Cancelled) 

6. (Previously presented) The method of claim 1, wherein the hematopoietic tumor cell 
is a leukemia, a lymphoma, or a myeloma. 

7. (Previously presented) The method of claim 1, wherein the hematopoietic tumor cell 
is a leukemia. 

8. (Original) The method of claim 7, wherein the leukemia is acute myelogenous 
leukemia. 



9. (Original) The method of claim 7, wherein the leukemia is chronic myelogenous 
leukemia. 
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10. (Original) The method of claim 7, wherein the leukemia is promyelocyte 
leukemia. 

1 1 . (Original) The method of claim 7, wherein the leukemia is T cell leukemia. 

12. (Previously presented) The method of claim 1, wherein the hematopoietic tumor 
cell is a lymphoma. 

13. (Previously presented) The method of claim 1, wherein the hematopoietic tumor 
cell is a myeloma. 

14-18. (Cancelled) 

19. (Original) The method of claim 1, wherein the tumor cell is PKR-/-; STAT1-/-; or 
both PKR-/- and STAT1-/-. 

20-23. (Cancelled) 

24. (Previously presented) The method of claim 1, further comprising administering 
interferon to the tumor cell prior to administering VSV, such that the interferon is delivered to 
the tumor cell. 



25. (Previously presented) The method of claim 1, wherein the virus is unable to 
inactivate PKR activity within the tumor cell. 
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26. (Previously presented) The method of claim 1, wherein the virus is an attenuated 
strain of vesicular stomatitis virus. 

27. (Previously presented) The method of claim 1, wherein the virus is vesicular 
stomatitis virus strain Ml. 

28. (Previously presented) The method of claim 1, wherein the virus is vesicular 
stomatitis virus strain M2. 

29. (Previously presented) The method claim 1, wherein the virus is vesicular 
stomatitis virus strain M3. 

30. (Previously presented) The method of claim 1, wherein the virus is vesicular 
stomatitis virus strain M4. 

31. (Previously presented) The method of claim 1, wherein the virus is vesicular 
stomatitis virus strain M5. 

32. (Previously presented) The method of claim 1, wherein the tumor cell is in a 
mammalian subject. 



33. (Previously presented) The method of claim 32, wherein the mammalian subject is 
a human. 
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34. (Previously presented) The method of claim 32, wherein the administering 
comprises administering the virus-infected cell to the subject by a route selected from 
intratumorally, intravenously and intraperitoneally. 

35. (Previously presented) A method of reducing the viability of a tumor cell within a 
population of cells comprising administering a vesicular stomatitis virus to the population of 
cells, such that the virus is delivered to the population of cells, 

wherein the virus is contained in a cell infected with the virus and the administering 
comprises administering the virus-infected cell, 

wherein the population of cells comprises hematopoietic tumor cells and non-tumor cells 

and 

wherein the virus is able to selectively reduce the viability of the hematopoietic tumor 

cells. 

36. (Original) The method of claim 35, wherein the virus is unable to inactivate PKR 
activity in the tumor cell. 

37. (Previously presented) The method of claim 36, further comprising treating the 
population of cells with interferon prior to administering the virus. 

38-63. (Cancelled) 

64. (Previously presented) The method of claim 35, wherein the hematopoietic tumor 
cells are leukemia cells. 
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65. (Previously presented) The method of claim 64, wherein the leukemia cells are acute 
myelogenous leukemia cells. 

66. (Previously presented) The method of claim 64, wherein the leukemia cells are 
chronic myelogenous leukemia cells. 

67. (Previously presented) The method of claim 64, wherein the leukemia cells are 
promyelocytic leukemia cells. 

68. (Previously presented) The method of claim 64, wherein the leukemia cells are T 
cell leukemia cells. 

69. (Previously presented) The method of claim 35, wherein the hematopoietic tumor 
cells are lymphoma cells. 

70. (Previously presented) The method of claim 35, wherein the hematopoietic tumor 
cells are myeloma cells. 

71. (Previously presented) The method of claim 35, wherein the tumor cells are 
PKR-/-; STAT1-/-; orbothPKR-/- and STAT1-/-. 

72. (Previously presented) The method of claim 35, wherein the virus is an attenuated 
strain of vesicular stomatitis virus. 
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73. (Previously presented) The method of claim 35, wherein the virus is vesicular 
stomatitis virus strain Ml. 

74. (Previously presented) The method of claim 35, wherein the virus is vesicular 
stomatitis virus strain M2. 

75. (Previously presented) The method of claim 35, wherein the virus is vesicular 
stomatitis virus strain M3. 

76. (Previously presented) The method of claim 35, wherein the virus is vesicular 
stomatitis virus strain M4. 

77. (Previously presented) The method of claim 35, wherein the virus is vesicular 
stomatitis virus strain M5. 

78. (Previously presented) The method of claim 35, wherein the administering of the 
vesicular stomatitis virus to the population of cells is performed in vitro. 

79. (Previously presented) The method of claim 32, wherein the mammalian subject is 
a non-human mammal. 

80. (Previously presented) The method of claim 32, further comprising treating the 
mammalian subject with an interferon. 
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The vesicular stomatitis virus (VSV) matrix (M) protein plays a major role in the virus-induced inhibition 
of host gene expression. It has been proposed that the inhibition of host gene expression by M protein is 
responsible for suppressing activation of host interferon gene expression. Most wild-type (wt) strains of VSV 
induce little if any interferon gene expression. Interferon-inducing mutants of VSV have been isolated previ- 
ously, many of which contain mutations in their M proteins. However, it was not known whether these M 
protein mutations were responsible for the interferon-inducing phenotype of these viruses. Alternatively, 
mutations in other genes besides the M gene may enhance the ability of VSV to induce interferons. These 
hypotheses were tested by transfecting cells with mRNA expressing wt and mutant M proteins in the absence 
of other viral components and determining their ability to inhibit interferon gene expression. The M protein 
mutations were the M51R mutation originally found in the te082 and T1026R1 mutant viruses, the double 
substitution V221F and S226R found in the TP3 mutant virus, and the triple substitution E213A, V221F, and 
S226R found in the TP2 mutant virus, wt M proteins suppressed expression of luciferase from the simian virus 
40 promoter and from the beta interferon (IFN-p) promoter, while M proteins of interferon-inducing viruses 
were unable to inhibit luciferase expression from either promoter. The M genes of the interferon-inducing 
mutants of VSV were incorporated into the wt background of a recombinant VSV infectious cDNA clone. The 
resulting recombinant viruses were tested for their ability to activate interferon gene expression and for their 
ability to inhibit host RNA and protein synthesis. Each of the recombinant viruses containing M protein 
mutations induced expression of a luciferase reporter gene driven by the IFN-P promoter and induced 
production of interferon bioactivity more effectively than viruses containing wt M proteins. Furthermore, the 
M protein mutant viruses were defective in their ability to inhibit both host RNA synthesis and host protein 
synthesis. These data support the idea that wt M protein suppresses interferon gene expression through the 
general inhibition of host RNA and protein synthesis. 



Virus infections usually trigger an antiviral response in host 
cells that functions to inhibit virus replication. As a result, most 
viruses have evolved mechanisms to suppress the antiviral re- 
sponse of the host. The balance between the ability of host cells 
to mount an antiviral response and the ability of the virus to 
suppress that response is a major determinant of the evolution 
of infection and viral tissue tropism in intact animal hosts 
(reviewed in reference 31). For many viruses, a major factor in 
the host antiviral response is the production of alpha and beta 
interferon (IFN-a and -(5). Once IFNs are secreted by infected 
cells, signal transduction events are stimulated, both in the 
infected cells and in neighboring uninfected cells, which lead to 
the activation of genes whose products interfere with various 
steps in the viral life cycle (reviewed in reference 21). However, 
many viruses have evolved diverse mechanisms to combat the 
host defense mounted by IFNs. In general, these mechanisms 
can be divided into two types: those that inhibit the production 
of IFNs and those that inhibit the response to IFNs. Vesicular 
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stomatitis virus (VSV), the prototype rhabdovirus, is a classic 
example of a virus that inhibits the production of IFNs (33). 
The goal of the experiments presented here was to determine 
whether the activity of the viral matrix (M) protein aids in the 
suppression of IFN gene expression during VSV infection. 

The M protein of VSV plays a major role in virus assembly 
by binding the viral nucleocapsid to the cytoplasmic surface of 
the host plasma membrane during the budding process (17, 18, 
28) and by inducing budding of virus envelopes (22, 23, 25). 
However, M protein is also responsible for many of the cyto- 
pathic effects associated with VSV infection. These include the 
characteristic rounding of cells, as well as the shutoff of host- 
directed gene expression (reviewed in reference 31). The abil- 
ity of. M protein to repress host gene expression is genetically 
separable from its viral assembly function (6, 11, 26). Further- 
more, M protein is capable of inhibiting host gene expression 
independently of other. viral components (5, 16, 36). This in- 
hibition occurs at the level of host transcription, as well as 
nuclear-cytoplasmic transport of host RNAs and proteins (1, 5, 
24, 37, 39). M protein also plays a major role in the inhibition 
of host translation (19, 25, 27). However, M protein is not able 
to inhibit translation in transfected cells in the absence of other 
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viral components (4). Therefore, it is likely that the inhibition 
of host translation in VSV-infected cells is due to the com- 
bined effects of M protein and additional viral factors. 

It has been proposed that the ability of M protein to inhibit 
host gene expression is responsible for the ability of VSV to 
suppress activation of host IFN gene expression (reviewed in 
reference 31). According to this model, there must be other 
products of virus infection, such as viral double-stranded RNA 
(dsRNA), that activate IFN gene expression, which is then 
suppressed by the activity of M protein. In support of this idea, 
transfection experiments have shown that M protein inhibits 
expression of a reporter gene from a plasmid containing the 
IFN-p promoter as effectively as it inhibits expression from 
other promoters (16). Despite the extensive evidence that M 
protein can inhibit host gene expression in the absence of other 
viral components, the role of M protein versus other viral 
components in the shutoff of host gene expression in the con- 
text of a viral infection has been questioned (40). In addition, 
it has been proposed that M protein plays little, if any, role in 
the suppression of IFN production by VSV (34). 

Earlier studies have demonstrated the feasibility of isolating 
VSV mutants with strong IFN-inducing phenotypes (19, 34). 
Many of these IFN-inducing mutants contain point mutations 
in their M proteins (13, 34). However, it was not known 
whether the M protein mutations were responsible for the 
ability of these viruses to induce IFN. Alternatively, it has been 
proposed that mutations in other genes besides the M gene 
may account for their IFN-inducing phenotype (34). In this 
paper, mutant M proteins from these IFN-inducing viruses 
were used to resolve the question of whether M protein is the 
VSV factor that suppresses IFN induction during the virus 
infection. Furthermore, we tested whether the ability of M 
protein to inhibit IFN induction is due to its potent ability to 
shut off host gene expression. These hypotheses were tested in 
the experiments presented here by transfecting cells with M 
mRNA expressing wild-type (wt) M proteins or mutant M 
proteins from the IFN-inducing viruses and determining their 
ability to inhibit IFN gene expression. Results indicated that wt 
M proteins effectively suppressed luciferase expression from 
plasmids containing either the simian virus 40 (SV40) or IFN-p 
promoters, while M proteins of IFN-inducing viruses were 
unable to inhibit luciferase expression from either promoter. 
The M genes of several of these IFN-inducing mutants were 
incorporated into the wt background of an infectious VSV 
cDNA clone. Each of the recombinant viruses containing mu- 
tant M proteins induced expression of a luciferase reporter 
gene driven by the IFN-P promoter and induced the produc- 
tion of IFN bioactivity more effectively than viruses containing 
wt M proteins. These results indicate that M protein plays a 
major role in the inhibition of host IFN gene expression in 
VSV-infected cells. Furthermore, the M protein mutant vi- 
ruses were defective in their ability to inhibit both host RNA 
synthesis and host protein synthesis. Thus, the IFN-inducing 
phenotype of the viruses containing M protein mutations was 
genetically correlated with a defect in their ability to inhibit 
host gene expression, suggesting that the suppression of IFN 
activity in VSV-infected cells is due in part to a global inhibi- 
tion of host gene expression by M protein. 



MATERIALS AND METHODS 

Cells and viruses. HeLa cells and PC-3 prostate cells were from the American 
Type Culture Collection, wt VSV (Indiana serotype, Orsay strain) and the M 
protein mutant B082 (11) were grown in BHK cells as described previously (32). 
The recombinant viruses, rwt and rM51R, contain the San Juan strain of M 
protein and were isolated from infectious VSV cDNA clones as described else- 
where (27). Plasmids containing cDNA copies of the M genes of the wt HR strain 
and the T1026R1, TP2, and TP3 mutant viruses have been described previously 
(13); The M genes were modified by PCR with Pwo DNA polymerase (Boer- 
hinger-Mannheim, Inc.) using the primers 5'GGGCTTAAGGAAGATTCTCG 
GTCTG3' and 5 'TTTGG CGCGCCAATTAGGAG AG AC3 ' . The PCR prod- 
ucts were digested with AflU and BssHll and were inserted into the infectious 
VSV cDNA clone as described previously (27). The recombinant viruses isolated 
from these cDNA clones were designated rHR-M, rl026-M, rTP2-M, and 
rTP3-M viruses. All viruses were plaque isolated twice in BHK cells, and the 
sequences . of the M genes were confirmed by reverse transcription-PCR and 
automated DNA sequencing as described elsewhere (27). 

Plasmids and in vitro transcription of mRNA. The pplux plasmid contains the 
firefly luciferase gene under control of the IFN-P promoter (35), and the pGL3 
control vector expresses luciferase constitutrvely from the SV40 promoter (Pro- 
mega). The plasmid pSD.OM, used for in vitro transcription of mRNA encoding 
wt M protein (Orsay strain) together with a 3' poly(A) sequence, has been 
described previously (4). The M gene cDNAs from wt HR, T1026R1, TP2, and 
TP3 viruses were modified by PCR with Pwo DNA polymerase by using the 
primers described previously (6). The PCR products were digested with Hindlll 
and were cloned into the pSD4.2 vector for in vitro transcription of wt HR and 
mutant M mRNAs. In the in vitro transcription reactions, M mRNAs containing 
5' caps and 3' poly(A) were synthesized in the presence of the cap analog 
7mG(5')ppp(5')G from linearized plasmid DNA by the bacteriophage SP6 RNA 
polymerase (Message Machine; Ambion, Inc.). 

Transfections and luciferase assays. HeLa cells in 35-mm-diameter dishes (or 
six-well plates) were transfected using Lipofectin reagent (GIBCO-BRL) accord- 
ing to the manufacturer's instructions. To determine the effect of M protein on 
expression of luciferase from the SV40 promoter, cells were transfected with 
various amounts of in vitro-transcribed M mRNA together with 250 ng of pGL3 
plasmid DNA and various amounts of yeast RNA to normalize RNA levels to 
750 ng. At 16 h posttransfection, cells were washed with phosphate-buffered 
saline (PBS) and harvested. Luciferase activity was determined using the Pro- 
mega luciferase assay system. 

To determine the effect of wt and mutant M proteins on expression of lucif- 
erase from the IFN-p promoter, cells were transfected with either 100 ng of 
wtHR, TP2, and TP3 M mRNAs or 300 ng of T1026 M mRNA together with 1 
u.g of ppiux. At 16 h posttransfection, cells were washed with PBS and harvested, 
and luciferase activity was measured. Transfections were carried out both in the 
presence and absence of poly(I)-poly(C). However, in most cases, the transfec- 
tion protocol itself partially induced the IFN promoter, and the addition of 
dsRNA had little if any effect in activation of the IFN promoter. 

To determine the effect of wt and M protein mutant viruses on activation of 
the IFN-p promoter, HeLa cells in 35-mm dishes were transfected with 1 u.g of 
pPlux plasmid DNA. At 24 h posttransfection, cells were infected with viruses 
containing wt or mutant M proteins at a multiplicity of 20 PFU/cell. Cells were 
mock infected as negative controls or were treated with poly(I)-poly(C) (200 
u.g/ml; Sigma Chemical Co.) at 24 h posttransfection as positive controls. Cells 
were harvested at 3, 6, and 9 h postinfection, and luciferase activity was mea- 
sured. 

IFN bioassay. To determine the IFN activity produced by cells infected with wt 
and mutant viruses, supernatants (100 (J) were collected from HeLa and PC-3 
cells infected with wt and mutant viruses at the times indicated below in Fig. 5. 
Infectious virus was inactivated by acid treatment, the acid was neutralized, and 
serial dilutions were incubated with HeLa cells in 96-well plates overnight at 
37°C. As a standard, cells were incubated with serial fivefold dilutions of IFN 
(Universal type I IFN; PBL Biomedical Laboratories, New Brunswick, N.J.). The 
samples were aspirated, and cells were challenged with wt VSV at 2.24 X 10" 
PFU/ml in 100 u.1 of medium. Controls included cells infected with VSV alone 
and cells that were not challenged with VSV. Cells were incubated overnight at 
37°C, medium was aspirated, and cells were fixed with 95% ethanol. Cells were 
then stained with a 0.1% crystal violet solution in methanol. Absorbance was 
read at 550 nm on an ELISA reader. 

Radiolabeling of infected and transfected cells. To analyze host and viral 
protein synthesis during virus infections, HeLa cells in 35-mm dishes were in- 

PFU/cell in Dulbecco's modified essential medium (DMEM) with 2% fetal calf 
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FIG. 1. Effect of wt and mutant M proteins on expression of lucif- 
erase from the SV40 promoter. (A) Diagram representing sequences 
of M proteins from IFN-inducing mutant viruses of the HR strain of 
VSV. M-HR is the wt M protein of the HR strain. Mutations in the 
M-T1026, M-TP2, and M-TP3 proteins are indicated by boxes. 
(B) Representative image of M proteins expressed from cells trans- 
acted with wt and mutant M mRNAs. L cells were transfected with the 
indicated amounts of wt and mutant M mRNAs for 5 h. Cells trans- 
fected with pGL3 plasmid DNA alone were used as a negative control. 
Cells were labeled with [ 35 S]methionine (200 u.Ci/ml) for 1 h, and cell 
extracts were prepared. Extracts were immunoprecipitated with the 
anti-M protein monoclonal antibody 23H12 and processed for SDS- 
PAGE and phosphorimaging. (C) Quantitation of labeled M proteins. 
Results are expressed as the percentage of M protein expressed in cells 
transfected with 30 ng of wtO mRNA. Data are the means ± standard 
errors of the means for four experiments. (D) Effect of wt and mutant 
M proteins on expression of luciferase from the SV40 promoter. HeLa 
cells were transfected with the indicated amounts of in vitro-tran- 
scribed M mRNA together with 250 ng of pGL3 plasmid DNA con- 



serum (FCS). At 4, 8, and 12 h postinfection, cells were labeled with a 15-min 
pulse of [ 35 S]methionine (100 (iCi/ml) in a total of 0.3 ml of methionine-free 
medium. Cells were washed with PBS and harvested in radioimmunoprecipita- 
tion assay (RIPA) buffer (0.15 M NaCl, 1% deoxycholate, 1% Triton X-100, 
0.1% sodium dodecyl sulfate [SDS], 10 mM Tris [pH 7.4]). Cell extracts were 
analyzed by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and phosphor- 
imaging as described elsewhere (27). 

To determine the amount of M protein expressed by mRNAs encoding wt or 
mutant M proteins, cells were transfected with various amounts of M mRNA or 
with 250 ng of pGL3 vector alone. At 5 h posttransfection, cells were washed with 
PBS and harvested in RIPA buffer. Cell extracts were immunoprecipitated with 
the anti-M protein monoclonal antibody, 23H12, and processed for electrophore- 
sis as described previously (6). Data were quantitated by phosphorimaging. 

RNA synthesis in infected cells. HeLa cells were infected with viruses con- 
taining wt or mutant M proteins at a multiplicity of 20 PFU/cell in DMEM plus 
2% FCS at 37°C or were mock infected as a control. The virus was allowed to 
adsorb for 1 h, and cells were fed with medium containing 2% FCS. Parallel 

5 ng/ml). At 2, 4, and 6 h postinfection, cells were labeled with [ 3 H]uridine (20 
nCi/ml) for 30 min, washed in PBS, and harvested. Cells were resuspended in 
SDS-lysis buffer containing RNase-proteinase degrader (Invitrogen), and DNA 
was sheared with a 20-gauge needle. Samples were then precipitated with 7% 
ic acid on ice and washed twice with 7% trichloroacetic acid. Acid- 



Growth curve assay. HeLa cells in 35-mm dishes were infected with viruses 
containing wt or mutant M proteins (multiplicity of infection = 10 PFU/cell) in 
DMEM containing 2% FCS. At 1 h postinfection, the medium was removed and 
cells were washed twice with PBS and then fed with 2 ml of DMEM containing 
10% FCS. At the indicated times postinfection, 100 |xl of medium was removed 
from the dishes and stored at -70°C. The yield of virus was determined by 
plaque assays on BHK cells and was expressed as PFU per milliliter. 

RESULTS 

Effect of mutant M proteins expressed from transfected 
mRNA on expression from the SV40 promoter. To determine 
whether the ability of M protein to inhibit host gene expression 
is responsible for the ability of the virus to suppress activation 
of IFN gene expression, we asked if the mutant M proteins 
from the previously isolated IFN-inducing VSV mutants (19) 
were defective in their ability to inhibit host gene expression. 
Therefore, we tested the effect of wt and mutant M proteins 
expressed from transfected M mRNA, in the absence of other 
viral components, on expression of luciferase from a plasmid 
containing the SV40 promoter. These IFN-inducing viruses are 
derived from the HR strain of VSV, and their M protein 
mutations are depicted in the diagram in Fig. 1A. The M 
protein of the IFN-inducing mutant T1026R1 virus (M-T1026) 
has a substitution of arginine for methionine at position 51 
(M51R mutation) of the 229-amino-acid M protein (13, 16). 
This mutation has been shown previously to render the M 
protein defective in its ability to inhibit host gene expression (1, 
6, 16, 37, 45). M-TP2 and M-TP3 are the M proteins from the 
TP2 and TP3 mutant viruses, respectively, which were inde- 
pendently isolated from the HR strain based on their IFN- 
inducing phenotypes (19). These M proteins contain the dou- 
ble substitution V221F and S226R (TP3) and the triple 
substitution E213A, V221F, and S226R (TP2), which are near 



taining a luciferase gene driven by the SV40 promoter. At 24 h post- 
transfection, cells were harvested and luciferase activity was measured. 
Data are presented as the percentage of the activity of controls trans- 
fected with pGL3 plasmid DNA in the absence of M mRNA and are 
the means ± standard errors of the means for eight independent 
experiments. 
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the carboxy terminus of the 229-amino-acid M protein (13). 
The ability of these mutant M proteins to inhibit host gene 
expression in the absence of other viral components had not 
been tested previously. 

M protein inhibits its own transcription when expressed 
from DNA vectors that depend on host cell transcription, mak- 
. ing it difficult to express from recombinant plasmid DNA vec- 
tors (5, 7, 29). To circumvent this problem, M protein can be 
more effectively expressed by transfecting cells with in vitro- 
transcribed M mRNA instead of plasmid DNA (4). This is 
because M protein does not inhibit translation of transfected 
mRNAs in the absence of other viral components. In fact, wt 
M protein actually stimulates translation of transfected 
mRNAs, including its own mRNA (4). This leads to higher 
levels of expression of wt M protein compared to mutant M 
proteins when cells are transfected with equivalent amounts of 
M mRNAs (as shown below and in reference 32). 

The relative levels of expression from transfected mRNAs 
encoding M proteins derived from the HR strain (M-HR, 
M-TP2, M-TP3, and M-T1026) were compared to those of the 
M protein of the Orsay strain of VSV (M-wtO), which we had 
studied previously (1, 5, 6). Cells were transfected with 100 ng 
of wtHR, TP2, or TP3 M mRNAs or 300 ng of T1026 M 
mRNA and compared to cells transfected with 3, 10, or 30 ng 
of wtO M mRNA. At 5 h posttransfection, cells were radiola- 
beled with [ 3S S]methionine for 1 h and lysed. Lysates were 
immunoprecipitated with the anti-M monoclonal antibody, 
23H12, and processed for electrophoresis and phosphores- 
cence imaging. Similar results were obtained in L cells and 
HeLa cells. However, only the data from L cells were quanti- 
tated due to the fact that immunoprecipitates from HeLa cell 
lysates contained high levels of background proteins, making it 
difficult to quantitate the amount of M protein expressed from 
M mRNA. An image of the labeled M protein bands is shown 
in Fig. IB. The wt and mutant M proteins synthesized by each 
of the M mRNAs were quantitated and are shown as a per- 
centage of the M protein expressed in cells transfected with 30 
ng of wtO M mRNA (Fig. 1C). The M proteins derived from 
the HR strain were less effectively expressed than the wtO M 
protein, so that at least three times more wtHR, TP2, or TP3 
M mRNA was needed to achieve levels of M protein expres- 
sion comparable to that of wtO M protein. The amount of M 
protein obtained by transfecting 300 ng of T1026 M mRNA 
was close to background levels. Therefore, it appears that the 
T1026 M protein was not expressed efficiently from transfected 
mRNA. In contrast, the TP2 and TP3 M proteins were ex- 
pressed as efficiently as wtHR M protein. The low level of 
detection of the T1026 M protein is not likely to be due to lack 
of antibody reactivity with the mutant M protein. Even though 
the M51R mutation in this M protein is near the epitope 
recognized by this antibody against M protein (37), the M51R 
mutant M protein of the Orsay strain is immunoprecipitated as 
efficiently as wt M protein (37; H. Yuan and. D. S. Lyles, 
unpublished data). 

To determine the ability of wt and mutant M proteins to 
inhibit host-directed gene expression, HeLa cells were trans- 
fected with 250 ng of plasmid DNA encoding luciferase ex- 
pressed from the SV40 promoter, together with varying 
amounts of wt or mutant M mRNA. At 24 h posttransfection, 
cell extracts were prepared, and luciferase activity was mea- 



250 
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FIG. 2. Effect of wt and mutant M proteins on expression of lucif- 
erase from the IFN-(3 promoter. HeLa cells were transfected with 1 u.g 
of pplux encoding luciferase expressed from the IFN-0 promoter, 
together with 100 ng of wt, TP2, and TP3 M mRNA or 300 ng of T1026 
M mRNA. At 16 h posttransfection, cell extracts were prepared, and 
luciferase activity was measured. Luciferase activities are expressed as 
a percentage of the activity in cells transfected with pfilux alone and 
are the means ± standard errors of the means for four independent 
experiments. 



sured. Data are expressed as a percentage of the luciferase 
activity obtained from cells transfected with the luciferase plas- 
mid in the absence of M mRNA (Fig. ID). The wtO M protein 
inhibited luciferase expression from the plasmid containing the 
SV40 promoter with approximately 50% inhibition when cells 
were transfected with 1 to 3 ng of M mRNA. We have previ- 
ously shown by nuclear runoff experiments that M protein 
inhibits expression from the SV40 promoter at the transcrip- 
tional level (1, 5). It is also possible that inhibition of nuclear- 
cytoplasmic mRNA transport contributes to the inhibition of 
luciferase expression (5, 24, 37, 39). Similar to wtO M protein, 
the wt HR M protein also inhibited luciferase expression, al- 
though 10 ng of HR M mRNA was required to achieve 50% 
inhibition. Since more than threefold more HR M mRNA was 
required to give levels of expression equivalent to those of wtO 
M mRNA (Fig. 1C), these data indicate that the potency of the 
wtHR M protein is similar to that of the wtO M protein, when 
the relative expression levels are considered. All of the M 
protein mutants of the HR strain (TP2, TP3, and T1026) were 
defective in their ability to inhibit luciferase expression. In fact, 
luciferase activity remained constant in cells transfected with 
concentrations of each of the mutant M mRNAs that were 
10-fold higher than those used with the wt M mRNAs (Fig. 
ID). In the case of the TP2 and TP3 M proteins, the inability 
to inhibit luciferase expression cannot be accounted for by low 
levels of expression, since they were expressed as efficiently as 
the wtHR M protein (Fig. 1C). In the case of the T1026 M 
protein, the low level of expression could be responsible, in 
part, for its failure to inhibit luciferase expression. Taken to- 
gether these results indicate that the mutant M proteins are 
defective in their ability to inhibit host-directed gene expres- 
sion when expressed in transfected cells in the absence of other 
viral gene products. 

Mutant M proteins induce expression of luciferase from the 
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FIG. 3. Viruses used in this study. The diagram represents the sequences of the M proteins of the viruses used in this study. Mutations in the 
M proteins are indicated by boxes. The W082 virus (number 2) is a naturally occurring mutant of the Orsay strain of VSV (number 1) containing 
the M51R mutation (11). The remaining viruses are recombinants isolated from VSV infectious cDNA clones, which differ only in their M genes. 
The M genes of the original recombinant wt (rwt) virus (3) and rM51R-M mutant (4) are derived from the San Juan strain (27, 42). The viruses 
containing the wt M protein from the HR strain (rHR-M virus) (5), the M51R mutation in the HR M protein (rl026-M virus) (6), and the TP2 
and TP3 mutations in the HR M protein (7 and 8) were generated for this study. Sites of amino acid differences between the San Juan and HR 
strains are indicated by asterisks. 



IFN-p promoter. Data in Fig. 1 indicate that mutant M pro- 
teins from IFN-inducing VSV mutants are defective in their 
ability to shut off luciferase gene expression driven from the 
SV40 promoter. In a similar assay, we also tested the effect of 
wt and mutant M proteins on expression of luciferase from a 
plasmid containing the IFN-p promoter. HeLa cells were 
transfected with 1 pig of plasmid DNA encoding luciferase 
expressed from the IFN-p promoter (ppiux), together with 100 
ng of wtHR, TP2, and TP3 M mRNAs or 300 ng of T1026 M 
mRNA. At 16 h posttransfection, cell extracts were prepared, 
and luciferase activity was measured. In order to compare data 
between different experiments, luciferase activities are ex- 
pressed as a percentage of the activity in cells transfected with 
ppiux alone. Results in Fig. 2 show that the wt M protein of the 
HR strain inhibited expression of luciferase from the plasmid 
expressing the IFN-p promoter. This result is similar to previ- 
ous results obtained using a different reporter gene driven by 
the IFN-p promoter (16). However, each of the mutant M 
proteins failed to inhibit luciferase expression from the plas- 
mid containing the IFN-p promoter. In fact, luciferase was 
expressed at somewhat higher levels in cells expressing mutant 
M proteins than in control cells. Such stimulation of gene 
expression by mutant M proteins has been observed previously 
(2, 6). However, the basis for this effect has not been explored. 
The important conclusion from Fig. 2 is that the M proteins of 



these IFN-inducing VSV mutants are defective in their ability 
to inhibit luciferase activity driven by the IFN-p promoter, 
similar to their inability to inhibit the activity from the SV40 
promoter (Fig. 1). 

M protein mutations contribute to defects in IFN suppres- 
sion in the context of a virus infection. The M genes from the 
IFN-inducing mutants of VSV were incorporated into the wt 
background of a recombinant VSV infectious cDNA clone to 
determine whether the M protein mutations contribute to their 
IFN-inducing phenotype in the context of the virus infection. 
In addition to the wt and mutant M proteins derived from the 
HR strain of VSV, we also tested the effects of mutations in M 
genes of additional virus strains (Orsay and San Juan). The 
viruses used in our study are diagramed in Fig. 3. Viruses 1 and 
2 are naturally occurring viruses derived from the Orsay strain 
of VSV, and the remaining viruses are recombinant viruses 
isolated from VSV infectious cDNA clones. Virus 1 is the wt 
Orsay strain (wtO), and virus 2 is the &082 mutant derived 
from wtO virus, which was shown previously to induce higher 
levels of IFN production than wtO virus (34). K082 virus 
contains the methionine-to-arginine substitution in position 51 
(M51R substitution) in the M protein sequence (11). The 
M51R mutation was introduced into the wt background of our 
recombinant wt virus (rwt virus; number 3 in Fig. 3) to gener- 
ate rM51R-M virus (number 4), using infectious cDNA clones 
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FIG. 4. Effect of viruses containing wt or mutant M proteins on the 
activity of the IFN-S promoter. HeLa cells were transfected with 1 p.g 
of pBlux plasmid DNA encoding luciferase under control of the IFN-B 
promoter. At 24 h posttransfection, cells were infected with viruses 
containing wt or mutant M proteins at a multiplicity of 20 PFU/cell. 
Cells were harvested at 3, 6, and 9 h postinfection, and luciferase 
activity was determined. Cells were transfected with pBlux DNA and 
mock infected as negative controls (Con), and cells were transfected 
with pBlux DNA and then treated with poly(I)-poly(C) (pI:pC) as 
positive controls. Data are expressed as a percentage of the luciferase 
activity expressed by uninfected cells transfected with 250 ng of pGL3 
plasmid DNA to detect constitutive luciferase activity from the SV40 
promoter. Data shown are means ± standard errors of the means for 
four independent experiments. 



modified slightly (27) from the one described by Whelan et al. 
(42). The M proteins of these viruses are derived from the San 
Juan strain of VSV. The San Juan M protein differs from the 
HR M protein by seven amino acid substitutions, as indicated 
in Fig. 3. 

Viruses 5 to 8 are recombinant viruses containing M pro- 
teins derived from the HR strain of VSV (as shown in Fig. 1A). 
Virus 5 (rHR-M virus) contains the wtHR M protein, and virus 
6 (rl026-M virus) contains the M protein of the IFN-inducing 
mutant virus T1026R1. As mentioned previously, the M pro- 
tein of rl026-M contains the same M51R mutation found in 
the w082 and rM51R-M viruses. Viruses 7 and 8 contain the 
M proteins of the TP2 and TP3 mutant viruses, which contain 
mutations near the carboxy terminus of the M protein (13). 

The effect of M protein mutations on the ability of these 
viruses to stimulate IFN gene expression was determined by 
transfecting HeLa cells with the plasmid encoding luciferase 
under control of the IFN-(J promoter (pBlux). At 24 h post- 
transfection, cells were infected with viruses containing wt or 
mutant M proteins. Cells were harvested at 3, 6, or 9 h postin- 
fection, and lysates were tested for luciferase activity. Data are 
expressed as a percentage of the luciferase activity in unin- 
fected cells transfected with a control plasmid in which lucif- 
erase was expressed from the SV40 promoter (Fig. 4). Other 
controls included cells transfected with ppiux alone to deter- 
mine unstimulated luciferase levels and cells treated with the 
dsRNA analog poly(I)-poly(C) to stimulate IFN gene expres- 
sion. 

All of the viruses containing wt M proteins (wtO, rwt, and 
rHR-M viruses) were unable to activate IFN gene expression, 
as demonstrated by little if any increase in luciferase levels 
over those of the negative control. In contrast, all of the viruses 
containing the M51R M protein mutation («082, rM51R-M, 
and r!026-M viruses) induced luciferase activity to levels as 



high as or higher than that of the positive control treated with 
poly(I)-poly(C). Likewise, the rTP2-M and rTP3-M viruses, 
containing the carboxy-terminal substitutions in M protein, 
induced high levels of luciferase expression. Quantitatively, 
luciferase activity in cells infected with M protein mutant vi- 
ruses was stimulated 2- to 10-fold over that seen with viruses 
containing wt M proteins. Pairwise comparison of recombinant 
viruses containing wt versus mutant M proteins derived from 
the same virus strain indicated that mutations in M protein are 
responsible for the IFN-inducing phenotypes of the recombi- 
nant viruses. For example, rM51R-M virus induced higher 
levels of luciferase than its wt control, rwt virus, and rl026-M 
virus induced higher levels of luciferase than its wt control, 
rHR-M virus. 

The principal conclusion to be drawn from Fig. 4 is that 
viruses with wt M proteins inhibit expression of luciferase from 
the IFN promoter, while viruses with mutant M proteins acti- 
vate luciferase expression. However, the data also show that 
differences in the virus strains from which the M proteins were 
derived play a role in dictating the amount of stimulation of 
IFN gene expression by M protein mutant viruses. For exam- 
ple, rl026-M virus, which contains the M51R mutation in the 
M gene from the HR strain, induced higher levels of luciferase 
than the rM51R-M virus, which contains the same M51R mu- 
tation in the M gene from the San Juan strain. The M proteins 
of these two recombinant viruses differ by seven amino acid 
substitutions, but the other viral genes besides the M gene are 
identical. Thus, the strain differences in the M proteins of these 
two viruses are responsible for the difference in induction of 
luciferase expression. 

To confirm the results of the luciferase assay, we analyzed 
the IFN activity produced by cells infected with wt and mutant 
M protein viruses by an IFN bioassay. This assay is based on 
the reduction of VSV cytopathic effect by supernatants col- 
lected from infected cells. HeLa cells were infected with wt and 
mutant M protein viruses, and aliquots of the supernatant 
media at 12, 24, and 36 h postinfection were tested for IFN 
activity (Fig. 5A). The rTP2-M and rTP3-M viruses, containing 
carboxy-terminal mutations in the M gene, induced IFN activ- 
ity in HeLa cells (Fig. 5A). However, the rl026-M virus, con- 
taining the M51R mutation, and the rHR-M virus, containing 
wt M protein, did not induce detectable IFN activity in HeLa 
cells. We noted that the rTP2-M and rTP3-M viruses required 
approximately 24 h to induce detectable levels of IFN activity. 
By this time, HeLa cells infected with the rl026-M virus were 
already dead due to virus-induced cellular apoptosis, similar to 
previous data (27). Therefore, we tested the ability of wt and 
M51R mutant viruses to induce IFN activity in PC-3 cells, a 
human prostate tumor cell line that is more resistant to VSV- 
induced killing (unpublished data). Results in Fig. 5B indicate 
that both viruses containing wt M proteins (wtO and rwt) were 
unable to induce IFN activity in PC-3 cells. However, the 
K082, rM51R-M, and rl026-M viruses containing the M51R 
mutation in M proteins from different virus strains induced 
IFN activity to varying levels. Therefore, the overall conclusion 
from these data is that viruses containing wt M proteins are 
effective suppressors of IFN activity, while viruses with M pro- 
tein mutations induce IFN activity. Once again, M proteins 
derived from different virus strains appear to play a role in 
dictating the degree of IFN activity induced by viruses with M 
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FIG. 5. IFN bioactivity produced by cells infected with wt and mu- 
tant M protein viruses. HeLa cells were incubated overnight at 37°C 
with serial dilutions of supernatants (100 u.1) collected from HeLa 
(A) and PC-3 (B) cells infected with wt and mutant viruses. The 
samples were aspirated, and cells were challenged with wt VSV at 2.24 
x 10 4 PFU/ml in 100 u.1 of medium. Cells were incubated overnight at 
37°C, medium was aspirated, and cells were fixed and stained with 
crystal violet. Absorbance was read at 550 nm on an ELISA reader. 
The IFN concentration (in international units per milliliter) was quan- 
titated by comparing results to those in cells incubated with serial 
fivefold dilutions of an IFN standard. Data shown are means ± stan- 
dard errors of the means for three independent experiments. 



protein mutations. Not only did the rl026-M virus induce 
higher levels of luciferase expression from the IFN-(3 promoter 
than the rM51R-M virus (Fig. 4), it also induced higher levels 
of IFN activity in the bioassay (Fig. 5B). 

M protein mutant viruses are defective at inhibiting host 
RNA and protein synthesis. The data in Fig. 4 and 5 indicate 
that M protein mutations are responsible for the ability of the 
recombinant M protein mutant viruses to activate IFN gene 
expression. Therefore, we can conclude that M protein muta- 
tions contribute to the IFN-inducing phenotypes of the original 
mutant viruses from which these M proteins were derived. The 
data in Fig. 1 and 2 suggest that the IFN-inducing phenotype of 
these viruses is due to defects in the inhibition of host gene 
expression. To test this hypothesis, synthesis of host RNA and 
proteins in cells infected with wt and M protein mutant viruses 
was determined by pulse-labeling experiments. Cells were in- 
fected with wt and mutant viruses and labeled with [ 3 H]uridine 
at 2, 4, and 6 h postinfection to determine the ratio of viral and 
host RNA synthesis. The time of the pulse (30 min) was short 
compared to the RNA turnover rate, so that labeling primarily 
reflected the rates of synthesis rather than turnover. Cells were 
lysed, and trichloroacetic acid-insoluble radioactivity was mea- 
sured to determine the total cellular RNA synthesis (host plus 
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FIG. 6. Inhibition of host RNA synthesis by viruses containing wt 
or mutant M proteins. HeLa cells were infected with viruses containing 
wt or mutant M proteins at a multiplicity of 20 PFU/cell. At 2, 4, and 
6 h postinfection, cells were labeled with [ 3 H]uridine (20 u,Ci/ml) for 
30 min. Cells were lysed in SDS-lysis buffer, and aliquofs were precip- 
itated with trichloroacetic acid to measure acid-insoluble radioactivity. 
Parallel samples were incubated in the presence of actinomycin D, so 
that only viral RNA would be labeled. The rate of host RNA synthesis 
was calculated by subtracting the radioactivity in viral RNA from the 
total radioactivity. Data are expressed as a percentage of the unin- 
fected cell control and are means ± standard errors of the means for 
five experiments. 



viral). Parallel samples were treated with actinomycin D to 
inhibit host RNA synthesis. In these samples only viral RNA 
would be labeled, since actinomycin D does not affect viral 
. RNA synthesis. Host RNA synthesis was calculated by sub- 
tracting radioactivity in samples treated with actinomycin D 
from the total radioactivity in the absence of actinomycin D, 
and it is expressed as a percentage of the mock-infected con- 
trols (Fig. 6). Viruses with wt M proteins effectively inhibited 
host RNA synthesis, so that by 6 h postinfection levels of host 
RNA synthesis were 10 to 20% of controls. However, all of the 
M protein mutant viruses were defective in their ability to 
inhibit host RNA synthesis. Comparison of recombinant M 
protein mutant viruses with their isogenic counterparts with wt 
M proteins (rM51R-M versus rwt viruses, and rl026-M, 
rTP2-M, or rTP3-M versus rHR-M viruses) shows that M pro- 
tein plays a major role in the inhibition of host RNA synthesis 
at early times postinfection. 

The data in Fig. 6 also show that M protein mutants from 
different virus strains have slightly different effects on host 
RNA synthesis, similar to their differences in IFN gene induc- 
tion. The w082 and rM51R-M viruses actually stimulated host 
RNA synthesis at early times postinfection (2 h), which then 
declined to about 60 to 70% of control by 6 h. In contrast, the 
rl026-M virus had an unusual effect in that host RNA synthesis 
decreased to 60% of control at 2 h postinfection, but host RNA 
synthesis increased over the time course of the experiment to 
100% of control by 6 h postinfection. Cells infected with the 
rTP3-M and rTP2-M viruses maintained a constant level of 
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FIG. 7. Inhibition of host protein synthesis by viruses containing wt 
or mutant M proteins. HeLa cells were infected with viruses containing 
wt or mutant M proteins at a multiplicity of 20 PFU/cell or were mock 
infected as a control. Cells were labeled with a 15-min pulse of 
[ 3S S]methionine (100 p-Ci/ml) at 4, 8, and 12 h postinfection. Lysates 
were subjected to SDS-PAGE, and labeled proteins were quantitated 
by phosphorimaging. (A) Representative image from analysis of vi- 
ruses containing wt or M51R mutant M proteins at 8 h postinfection. 
Positions of viral proteins are indicated on the left. (B) Host protein 
synthesis was determined from images similar to that in panel A in 
regions of the gel devoid of viral proteins between the L and G 
proteins and between the P and M proteins. Results are shown as a 



RNA synthesis over the timi 
controls, respectively. 

The inhibition of host gene expression in VSV-infected cells 
also involves an inhibition of host protein synthesis. The inhi- 
bition of host protein synthesis is not due to depletion of 
cellular mRNAs as a result of the inhibition of host transcrip- 
tion or transport. In fact, the cytoplasm of infected cells con- 
tains normal amounts of cellular mRNAs that can be effec- 
tively translated in vitro (30). Instead, the inhibition is due to 
inactivation of host translation factors (10, 14). To determine 
the ability of wt and mutant viruses to inhibit host translation, 
HeLa cells were infected and then were pulse-labeled with 
[ 35 S]methionine for 10 min at 4, 8, or 12 h postinfection. As in 
the case of RNA synthesis, the time of the pulse-label was 
short (10 min) compared to the turnover rates of viral and host 
proteins, so that labeling reflected primarily rates of synthesis. 
Proteins were solubilized and analyzed by SDS-PAGE and 
phosphorescence imaging. A representative image from anal- 
ysis at 8 h postinfection is shown in Fig. 7A. All of the viruses 
containing wt M proteins (wtO, rwt, and rHR-M) effectively 
inhibited host protein synthesis compared to the mock-infected 
control. This can be clearly seen in regions of the gel that are 
devoid of viral proteins, such as the region between the L and 
G proteins. In contrast, the viruses containing the M51R M 
protein mutation (£r082, rM51R-M, and rl026-M) were much 
less effective in their ability to inhibit host protein synthesis. It 
is also apparent from Fig. 7A that the viruses containing wt M 
protein synthesized viral proteins at a very high level, despite 
the inhibition of host protein synthesis. The M protein mutants 
synthesized viral proteins at levels at least as high as their 
corresponding wt controls. 

Host protein synthesis in infected cells at 4, 8, and 12 h 
postinfection was determined from images similar to Fig. 7A 
by quantitation of the radioactivity in two regions of the gel 
that were devoid of viral proteins (between L and G and 
between P and M) and is shown in Fig. 7B as the percentage of 
a mock-infected control. Each of the viruses containing wt M 
proteins (wtO, rwt, and rHR-M) effectively inhibited host pro- 
tein synthesis, so that by 12 h postinfection host protein syn- 
thesis levels were 5 to 10% of the mock-infected control. In 
contrast, the M51R M protein mutant viruses (&082, 
rM51R-M, and rl026-M) were less effective than their wt con- 
trols at repressing host translation, which was maintained at a 
level of 40 to 50% of control throughout the 12-h time course 
of the experiments. The viruses containing the TP2 and TP3 M 
proteins were even more defective in their ability to inhibit 
host protein synthesis, which was maintained at a level of 60 to 
80% of control. These data together with the data in Fig. 6 
demonstrate that the ability of the mutant M protein viruses to 



percentage of the mock-infected control and are the mean ± standard 
error of the mean of four independent experiments. (C) Effect of M 
protein mutations on viral protein synthesis. HeLa cells infected with 
viruses containing wt or mutant M proteins were labeled with [ 35 S]me- 
thionine, and the labeled proteins were analyzed by SDS-PAGE and 
phosphorimaging as described in the legend for Fig. 4. The labeled M 
proteins in images similar to those shown in Fig. 4A were quantitated 
and are expressed as a percentage of the wtO M protein labeled at 4 h 
postinfection. Data are the mean ± standard error of the mean of four 
experiments. 
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induce IFN gene expression is correlated with a reduction in 
their capacity to shut off both host transcription and host trans- 
lation. 

Ability of recombinant viruses to synthesize viral proteins 
and produce infectious progeny. The rates of synthesis of viral 
proteins in cells infected with VSVs containing wt or mutant M 
proteins were determined from images similar to those in Fig. 
7A. Radioactivity in the N protein band is shown in Fig. 7C and 
is expressed as a percentage of the N protein synthesis at 4 h 
postinfection with the wtO virus, which was near the maximum 
amount. Cells infected with recombinant viruses containing wt 
M protein (rwt and rHR-M viruses) synthesized N protein at 
different rates throughout the 12-h time course. Synthesis of N 
. protein by rwt virus was around 55% of the level of the wtO 
virus control at 4 h postinfection, while that of rHR-M virus 
was around 80% of control. Since these viruses are isogenic 
except for the strain differences in their M proteins, these 
results reflect the influence of M protein on viral gene expres- 
sion. Similar results were obtained with analysis of M protein 
synthesis (data not shown). The N protein/M protein ratios in 
cells infected with all of the viruses were the same as the ratio 
for wtO virus, with the exception of cells infected with 
rM51R-M virus, in which the ratio of N protein to M protein 
was approximately 40% higher. Since this difference was not 
observed with other viruses containing the M51R M protein 
mutation (£$082 and rl026-M viruses), this provides further 
evidence that the virus strain from which the M protein was 
derived influenced viral gene expression. 

We have previously shown that the M51R-M proteins dis- 
play no differences in their turnover rates compared to wt-M 
proteins (6). Results shown in this paper also indicate that, as 
a general trend, the viruses containing the M51R M protein 
mutation synthesized viral proteins at levels similar to or 
greater than that of their wt counterparts (Fig. 7C). The #082 
virus synthesized viral proteins at levels similar to that of the 
wtO virus through 8 h postinfection. However, by 12 h, the 
tt082 virus expressed greater amounts of N protein than wtO 
did. Similarly, the rM51R-M virus expressed viral proteins at 
levels comparable to those of rwt at early times postinfection. 
However, by 8 h postinfection, rM51R-M actually expressed 
greater amounts of N protein than any of the other viruses. 
Interestingly, the rl026-M virus expressed lower amounts of 
viral proteins at early times postinfection, but by 8 h postin- 
fection it expressed levels of N protein comparable to its wt 
counterpart (rHR-M). In contrast, the recombinant viruses 
containing the TP2 and TP3 M proteins synthesized less viraJ 
protein than their rHR-M control at all time points (Fig. 7C). 
This appeared to be due to a defect in the ability of these 
viruses to synthesize viral RNA (data not shown). Thus, the 
inability of M protein mutant viruses to inhibit host RNA and 
protein synthesis was accompanied by defects in virus replica- 
tion in the case of the rTP2-M and rTP3-M viruses, but not in 
the case of the viruses containing the M51R M protein muta- 
tion. The defect in viral RNA and protein synthesis exhibited 
by the rTP2-M and rTP3-M viruses is not dependent on IFN 
production, since similar results were obtained in BHK cells, 
which are unresponsive to IFN (data not shown). However, it 
is possible that a more rapid turnover of these mutant M 
proteins could be partly responsible for their replication de- 
fects. 
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FIG. 8. Single-cycle growth analysis. HeLa cells were infected with 
viruses containing wt or mutant M proteins at a multiplicity of 20 
PFU/cell. At 1 h postinfection, the medium was removed, and cells 
were washed twice. Fresh medium was added to the infected cells, and 
a small aliquot of the supernatant was removed at the indicated times 
postinfection to determine the amount of progeny virus by plaque 
assay. Data are the average of two independent experiments. 



Single-cycle growth experiments were done to determine the 
ability of wt and mutant M protein viruses to produce infec- 
tious progeny (Fig. 8). HeLa cells were infected with wt and 
mutant viruses at a high multiplicity of infection (10 PFU/cell). 
At the indicated times postinfection, supernatants were col- 
lected and viral titers were determined by plaque assay on 
BHK cells. The «082 virus (Fig. 8A) grew to titers as high as 
wtO virus. These data are similar to previous results showing 
that «082 virus is not temperature sensitive for virus growth in 
HeLa cells (22). The rM51R-M (Fig. 8A) and rl026-M (Fig. 
8B) mutant M protein viruses actually produced higher levels 
of infectious progeny than their wt counterparts rwt and 
rHR-M, respectively. These higher yields of infectious progeny 
also correlated with higher levels of viral protein synthesis at 
late times postinfection in the case of cells infected with the 
rM51R-M virus, as shown in Fig. 7C. Therefore, the data in 
Fig. 7 and 8 indicate that viruses containing the M51R M 
protein mutations are not defective in their ability to produce 
viral proteins or infectious viral progeny. This result suggests 
that the IFN induced by these viruses has little if any ability to 
inhibit virus replication in a single-cycle growth experiment. 
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This is the expected result, since most of the viral replicative 
cycle occurs before the IFN can be produced and then induce 
the antiviral state. 

In contrast to results obtained by the M51R M protein 
mutants, recombinant viruses containing the TP2 and TP3 
mutations grew to lower titers in single-cycle growth experi- 
ments (Fig. 8B) than did rHR-M (Fig. 8B). The lower yield of 
infectious progeny produced in cells infected with rTP2-M and 
rTP3-M viruses also correlated with reduced rates of viral 
RNA and protein synthesis. Therefore, the inability of these 
mutant M protein viruses to shut off host RNA and protein 
synthesis may be due in part to defects in their ability to 
replicate (Fig. 7) and produce infectious progeny (Fig. 8B) in 
infected cells. 

DISCUSSION 

The data presented here show that M protein plays a major 
role in the inhibition of IFN gene expression in VSV-infected 
cells. Furthermore, the ability of M protein to inhibit IFN 
production is genetically correlated with the overall inhibition 
of host RNA and protein synthesis. Previous data had shown 
that four IFN-inducing mutants of VSV under consideration 
here, K082, T1026R1, TP2, and TP3 viruses, have mutations in 
their M proteins (11, 13, 16). However, it was not known 
whether these viruses have additional mutations in genes other 
than their M genes that account for their IFN-inducing phe- 
notype. It had been shown previously that the M51R mutation 
in the M proteins of K082 and T1026R1 viruses render these 
M proteins defective in their ability to inhibit host gene ex- 
pression in the absence of other viral components (1, 6, 16, 37). 
These results were extended here to show that the mutant M 
proteins of TP2 and TP3 viruses are also defective in the 
inhibition of host gene expression (Fig. 1), including expression 
from the IFN-0 promoter (Fig. 2). Thus, all of the M proteins 
of the IFN-inducing mutant viruses tested in this study are 
defective in their ability to inhibit host gene expression. 

The fact that M protein inhibits expression of luciferase 
from a plasmid containing the IFN-(3 promoter in transfected 
cells (15) (Fig. 2) still left open the possibility that M protein is 
not responsible for suppression of IFN induction in virus- 
infected cells. For example, if the inhibition of host gene ex- 
pression by M protein were to occur only at late times postin- 
fection, as has been proposed (40), this inhibition may be too 
late to prevent IFN synthesis. Indeed, the argument has been 
made that the IFN-inducing activity of these viruses is due 
entirely to mutations in genes other than the M gene (34). This 
issue was addressed here by incorporating the M protein mu- 
tations onto the wt background of a VSV infectious cDNA 
clone. The resulting recombinant mutant M protein viruses 
induced expression of a luciferase reporter gene driven by the 
IFN-p promoter (Fig. 4) and induced IFN activity as measured 
by an IFN bioassay (Fig. 5), while the recombinant viruses 
containing wt M proteins did not. Furthermore, the recombi- 
nant mutant M protein viruses were defective in the inhibition 
of host RNA and protein synthesis (Fig. 6 and 7). These data 
indicate that M protein plays a main role in the inhibition of 
host gene expression in VSV-infected cells and is a major 
suppressor of IFN gene expression. 

The data presented in Fig. 4 and 5 serve to establish that the 



M protein mutations in the original IFN-inducing viruses ac- 
count at least in part for their IFN-inducing phenotypes. How- 
ever, these results do not rule out the possibility that these 
viruses contain additional mutations that contribute to their 
ability to induce IFNs. Indeed, there are several examples of 
IFN-inducing mutants of VSV that do not contain M protein 
mutations (13, 19, 34), indicating that other viral genes also 
play a role in determining the extent of IFN gene activation in 
virus-infected cells. We propose that these mutations enhance 
the activity of viral inducers of IFN to the extent that they 
overcome the inhibitory effects of M protein. Alternatively, 
these mutations may affect other inhibitors of IFN gene ex- 
pression besides M protein. 

Viruses containing the same M51R substitution in the con- 
text of M proteins derived from different virus strains 
(rM51R-M and rl026-M viruses) differ in their ability to in- 
duce IFN gene expression (Fig. 4 and 5). This suggests that the 
relative contribution of M protein versus other viral proteins in 
regulating IFN gene expression may be dependent on strain 
differences. For example, the effect of the M51R mutation may 
be modulated by variable surrounding amino acids in the M 
protein. We have also found that in different cell lines the 
extent of IFN induction by each of the M51R mutants also 
varies (unpublished data). Therefore, it is possible that the role 
of M protein in the activation of IFN gene expression is also 
dependent on the presence of specific host factors in different 
cell types. 

The ability of mutant M protein viruses to induce IFN gene 
expression was correlated with defects in the ability of the 
mutant M proteins to inhibit host RNA and protein synthesis 
(Fig. 4, 5, 6, and 7). These results support our model in which 
wt M protein functions as a suppressor of IFN gene expression 
as a result of its general ability to inhibit host RNA and protein 
synthesis (31). According to this mode], there must be other 
products of virus infection, such as viral dsRNA, that activate 
IFN gene expression, which is then suppressed by the activity 
of wt M protein. In the case of the mutant M protein viruses, 
the enhanced activation of IFN gene expression compared to 
that of viruses with wt M proteins would be a result of the 
absence of this inhibitory activity. In support of this model, the 
IFN-suppressing activity of wt VSV is dominant over the IFN- 
inducing activity of the M protein mutant T1026R1 virus in 
mixed infections (33). Likewise, coinfection with wt VSV arid 
heterologous IFN-inducing viruses suppresses IFN production 
(33). It is also possible that the induction of IFN by mutant M 
protein viruses may stimulate antiviral genes, including nucleo- 
porins, that contribute to their inability to further shut off host 
gene expression at the level of RNA transport (15). 

How does M protein suppress IFN gene expression? VSV 
inhibits host gene expression at multiple levels, including inhi- 
bition of host transcription, inhibition of nuclear-cytoplasmic 
transport of host RNA, and inhibition of host translation (31). 
M protein inhibits host transcription and nuclear-cytoplasmic 
RNA transport both in virus-infected cells and when expressed 
in transfected cells in the absence of other viral components (1, 
5, 24, 37, 39). Inhibition at the transcriptional level has been 
demonstrated by nuclear runoff assays (1, 5). The inhibition of 
host RNA polymerase II-dependent transcription is due, at 
least in part, to inactivation of the general transcription initi- 
ation factor TFIID, which is the transcription factor that binds 
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to the TATA box upstream of most RNA polymerase Il-de- 
pendent promoters (44, 45). 

The M protein-induced inhibition of host nuclear-cytoplas- 
mic RNA transport has been attributed to the interaction of M 
protein with a nuclear pore component, which has been iden- 
tified as the nucleoporin Nup98 (37, 39). The M protein-in- 
duced inhibition of nuclear-cytoplasmic RNA transport has 
been demonstrated convincingly in Xenopus laevis oocytes, in 
which there is little if any inhibition of transcription (24, 37, 
39). However, it has been difficult to quantitate the contribu- 
tion of the inhibition of transport in transfected mammalian 
cells, due to the concomitant inhibition of transcription (15, 
39). The block in nuclear-cytoplasmic transport in VSV-in- 
fected cells is evident from its effects on the processing of small 
nuclear RNAs (20) and rRNAs (43). However, a careful series 
of biochemical experiments, including pulse-chase and subcel- 
lular fractionation experiments, suggested that changes in 
transport or turnover of host RNA in VSV-infected cells were 
minor compared to the profound inhibition of host transcrip- 
tion (41). 

In addition to the inhibition of host RNA synthesis, the 
inhibition of host gene expression in VSV-infected cells in- 
volves a dramatic inhibition of host protein synthesis. This 
inhibition is not due to depletion of cellular mRNAs resulting 
from the inhibition of transcription (30). Instead, the inhibition 
is due to inactivation of host translation factors (10, 14). In 
contrast to the M protein-induced inhibition of host transcrip- 
tion and nuclear-cytoplasmic transport, M protein cannot in- 
hibit host translation when expressed in transfected cells in the 
absence of other viral components (4). However, mutant M 
protein viruses fail to inhibit host protein synthesis as effec- 
tively as viruses containing wt M proteins (Fig. 4) (25, 27). This 
suggests that M protein does play a role in inhibition of host 
translation, but that one or more additional viral components 
are required to inhibit host translation. There are multiple 
translation initiation factors whose activity is reduced in VSV- 
infected cells, including eIF2, eIF4F; and eIF4B (10, 14), al- 
though it has not been determined which of these factors is 
inhibited in response to M protein versus other viral compo- 

The ability of M protein to inhibit host gene expression at 
multiple levels is analogous to the activity of other viral sup- 
pressors of the host IFN response, which also function at 
multiple levels (31). This appears to reflect the fact that no 
single inhibitory mechanism is completely effective at suppress- 
ing IFN production. As an example, the influenza A virus NS1 
protein contains an RNA-binding domain which suppresses 
IFN gene activation by sequestering viral dsRNA (reviewed in 
reference 21). In addition, the NS1 protein contains an activa- 
tion domain that enables the protein to suppress the processing 
and nuclear-cytoplasmic transport of host mRNAs, which ap- 
pears to also play a role in suppressing the host antiviral re- 
sponse (reviewed in reference 31). Similarly, the vaccinia virus 
E3L protein suppresses activation of IFN gene expression by 
sequestering viral dsRNA (38). In addition, vaccinia virus en- 
codes the K3L protein, which functions as an inhibitor of the 
IFN-inducible protein kinase R (12), and the B18R protein, 
which inhibits cellular responses to IFN by acting as a decoy 
receptor (3). Thus, the idea that viral proteins, such as M 



protein, suppress IFN gene expression by multiple mechanisms 
is a common theme in virus-host interactions. 

All of the mutant M proteins analyzed here were defective in 
their ability to inhibit host gene expression (Fig. 8). However, 
the viruses containing these mutations were not phenotypically 
identical in terms of the levels of viral protein expression or the 
levels of progeny virus produced. The viruses containing the 
M51R M protein mutation expressed viral proteins at levels at 
least as high as their wt controls. In fact, at late times postin- 
fection, the tt082 and rM51R-M viruses expressed even higher 
levels of viral proteins than their wt counterparts (Fig. 7), 
leading to correspondingly higher levels of progeny virus pro- 
duction as seen clearly in the case of the rM51R-M virus (Fig. 
8). This result indicates that the IFN induced by these viruses 
has little if any ability to inhibit virus replication in a single- 
cycle growth experiment. However, the effects of these muta- 
tions on the multiple cycles of virus infection that occur in 
intact animals may be quite profound, since the IFN response 
is a major determinant of viral pathogenesis and tissue tropism 
in vivo (reviewed in references 21 and 31). This issue will be 
addressed in our future experiments. 

In contrast to viruses containing the M51R mutation, the 
viruses containing the TP2 and TP3 M protein mutations ex- 
pressed lower levels of viral proteins than their control virus 
containing wt M protein (rHR-M virus), and they produced 
correspondingly lower levels of viral progeny. These data in- 
dicate that M protein mutations affect the level of viral gene 
expression as well as the level of host gene expression. This 
idea has been put forth previously, based on the observation 
that temperature-sensitive (ts) mutations in M protein increase 
the level of viral mRNA synthesis at the nonpermissive tem- 
perature (9). However, in contrast to ts M protein mutations, 
the TP2 and TP3 M protein mutations appear to decrease the 
level of viral RNA synthesis (unpublished data). 

A role for M protein as a regulator of viral gene expression 
is also supported by the effects of M proteins from different 
virus strains. The rM51R and rl026-M viruses are identical 
except for differences in the virus strains from which their M 
proteins were derived. Nevertheless, viral protein expression in 
cells infected with the rM51R virus is approximately 40% 
greater at 8 to 12 h postinfection than in cells infected with the 
rl026-M virus (Fig. 7), providing further evidence that M pro- 
tein can also regulate viral gene expression. The strain differ- 
ences in their M proteins also account for the fact that rl026-M 
virus induced higher levels of IFN gene expression . than 
rM51R-M virus (Fig. 4 and 5). 

The results presented here support the idea that M protein 
inhibits IFN gene expression in parallel with the general inhi- 
bition of host RNA and protein synthesis. However, it is also 
possible that M protein inhibits additional steps in the produc- 
tion of IFNs upstream of the general transcription factor 
TFIID. For example, the activation of NF-kB, one of the 
factors required for IFN gene transcription, is delayed in cells 
infected with wt VSV compared to cells infected with the 
T1026R1 mutant (8). This suggests that the wt M protein 
delays activation of NF-kB, which could play a role in the 
suppression of IFN gene expression. Future experiments will 
determine the effect of M protein on upstream activators of 
IFN gene expression. 
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Summary 

Vesicular stomatitis virus (VSV) is an essentially nonpathogenic 
negative-stranded RNA virus, the replication of which is extremely 
sensitive to the antiviral effects of interferon (IFN). We demonstrate 
here that VSV selectively induces the cytolysis of numerous trans- 
formed human cell lines in vitro, with all the morphological charac- 
teristics of apoptotic cell death. Importantly, VSV can also potently 
inhibit the growth of p53-null C6 glioblastoma tumors in vivo with- 
out infecting and replicating in normal tissue. With our previous 
findings demonstrating that primary cells containing the double - 
stranded RNA -activated protein kinase PKR and a functional IFN 
system are not permissive to VSV replication, these results suggest 
that signaling by IFN may be defective in many malignancies. Thus 
VSV might be useful in novel therapeutic strategies for targeting 
neoplastic disease. 
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INTRODUCTION 

Vesicular stomatitis virus (VSV), 1 the prototypic member of 
the family Rhabdoviridae, is an enveloped virus with a negative- 
stranded RNA genome that causes a self -limiting disease in live- 
stock and is essentially nonpathogenic in humans (1). Its simple 
genetic composition, the fact that it encodes five gene products, 
and its ability to grow to high titers in most tissue culture cell 
lines have made it one of the most extensively characterized of 
all RNA viruses. These studies have made clear that, although 
most tissue culture cell lines appear permissive to VSV, the virus 
is extremely sensitive to the antiviral actions of the interferons 
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(IFNs), a family of cytokines produced in response to infection, 
which act by inducing the expression of >30 cellular genes 
(1-6). The importance of IFN in innate immunity to VSV in- 
fection has been demonstrated in studies with mice rendered 
defective in type I IFN signaling. For example, mice lacking 
functional IFNAR1 or STAT1 genes are remarkably suscepti- 
ble to lethal infection by VSV, as well as by many other types 
of virus (3-5). Despite these advances in our understanding of 
the importance of IFN in host defense, the critical IFN-induced 
genes responsible for inhibiting replication of virus, including 
VSV, remain largely unknown. 

Recent data from our laboratory, however, have demonstrated 
that embryonic fibroblasts and mice lacking the IFN-inducible 
double-stranded RNA -dependent protein kinase, PKR, are ex- 
tremely susceptible to VSV infection, confirming that this ki- 
nase is an essential and nonredundant component of antiviral 
host defense (2). That VSV is capable of replicating in a ma- 
jority of mammalian cell lines, but not in primary cells unless 
PKR function or IFN signaling is defective, implies that critical 
host defense mechanisms required to prevent VSV replication 
are impaired in cells permissive to this virus, which includes 
nearly all immortalized and malignant cells. 

In this study, we show that several human cancer cell lines 
undergo rapid cytolysis when infected by VSV. Pretreating the 
majority of these cells with IFN only partially protects them 
from VSV replication and cytolysis. We also show that VSV 
selectively and potently inhibits the growth of highly malig- 
nant p53 -defective rat C6 gliblastoma tumors in a nude mouse 
model. These studies indicate that VSV could provide an attrac- 
tive and effective therapy against malignant disease, especially 
when considering the nonpathogenic nature and genetic mal- 
leability of this well-characterized virus. 



EXPERIMENTAL PROCEDURES 

Cell Lines, Virus, and Reagents. The BC-1 cell line was 
a kind gift from Dr. William Harrington (University of Miami, 
Miami, FL). All other cell lines were obtained from the American 



135 



136 



BALACHANDRAN AND BARBER 



Type Culture Collection (Manassas, VA). HL 60 and K562 cell 
lines were maintained in RPMI supplemented with 10% fetal 
calf serum (FCS), and the BC-1 cell line was maintained in 
Iscove's modified Dulbecco's medium/ 10%FCS. All other cell 
lines were maintained in Dulbecco's Modified Eagles Medium 
(DMEM) supplemented with 10% FCS. Plaque -purified VSV 
(Indiana strain) was used in all experiments. Viral titers were 
determined by standard plaque assay of serially diluted virus 
samples on BHK-21 cells. Except where mentioned, all other 
reagents were obtained from Sigma Chemicals (St. Louis, MO). 

Viral Infections and Cell Viability Analyses. Plaque-purified 
VSV was used to infect cells in serum-free medium for 30 min 
at 37 °C (2). After virus absorption, cells were washed twice in 
phosphate-buffered saline and subsequently incubated in com- 
plete medium for the indicated times. Viability was determined 
by the cells' ability to exclude Trypan blue dye. Apoptosis was 
determined by terminal deoxynucleotydyl transferase- mediated 
fluorescein isothiocyanate-dUTP nick-end labeling (TUNEL) 
with the In Situ Cell Death Detection Kit (Boehringer 
Mannheim, Indianapolis, IN) according to the manufacturer's 
instructions. 

Mice and Tumor Studies. Four- to 6-week-old athymic 
female nu/nu mice were obtained from Jackson Laboratories 
(Bar Harbor, ME) and maintained in a specific pathogen-free 
environment. To induce tumor formation, we injected 2 X 10 6 
C6 glioblastoma cells subcutaneously. After palpable tumors 
(~25 mm 2 ) had formed, cohorts of five mice each were injected 
intratumorally with serial doses of VSV, 2 X 10 7 plaque-forming 
units (pfu)/dose, 4 days apart. Control mice were injected intra- 
tumorally with heat -inactivated VSV. When the tumor burdens 
of the control animals became excessive, all the mice were killed, 
and the explanted tumors were either propogated in tissue culture 
or cryofrozen for determination of viral titers and histopatholog- 
ical analyses. Organs from these mice were also examined for 
the presence of virus by standard plaque assay. 



RESULTS AND DISCUSSION 

We previously observed that embryonic fibroblasts lacking 
PKR, but not wild-type fibroblasts containing the kinase, were 
susceptible to VSV infection and viral-mediated apoptosis (2). 
VSV is also known to replicate in a wide variety of malignant 
cells and does not appear to cause important disease in humans 
(1). We therefore speculated that mechanisms of host defense 
involving PKR might be defective in cells permissive to VSV. 

To further examine the ability of VSV to induce cell death 
in other transformed human cell lines, including those derived 
from breast (MCF7), prostate (PC -3 ), or cervical tumors (HeLa), 
as well as various cells derived from hematological malignan- 
cies (HL 60, K562, Jurkat, BC-1), we infected those cells with 
VSV as described in Experimental Procedures. We observed that 
VSV efficiently replicated and induced cytolysis of every estab- 
lished cell line tested, including BC-1, which is positive for hu- 
man herpes virus -8 (HHV-8), overexpresses Bcl-2, and is largely 
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HeLa MCF-7 Jurkat PC-3 K562 BC-1 HL-60 

Figure 1. Several human cancer cell lines are permissive to 
VSV replication and lysis. MCF-7, BC-1, Jurkat, HL-60, K562, 
PC-3, and HeLa cells were treated with or without 1000 U/ml 
hlFN/? (Research Diagnostics Inc., NJ) for 18 h and subse- 
quently infected with VSV at a multiplicity of infection of 1. 
At 48 h post infection, viability was assessed by Trypan Blue 
exclusion analysis. Data represent the mean of triplicate samples 
± SD from one of two experiments with similar results. 

resistant to a wide variety of apoptotic stimuli and chemother- 
apuetic strategies (Fig. 1) (7). The apoptotic nature of this cell 
death was confirmed by using TUNEL (data not shown). Super- 
natants were taken from infected cells and examined for VSV 
yield by the standard plaque assay. As shown in Table 1, all 
tested cell lines were remarkably permissive to VSV replica- 
tion. In fact, pretreatment with 1000 U/ml human IFN-j8 was 
unable to completely protect many of these cell lines from viral 

Table 1 

Viral yields from several human cancer cell lines infected with 
VSV at a multiplicity of infection of 1 (supernatants from cells 
treated as in Fig. 1 were analyzed for viral yield by standard 
plaque assay 48 h postinfection) 



Cell line 


hlFNjS 


Titer (pfu/ml) 


HeLa 




1.2 X 10 7 




+ 


8.4 X 10 3 


MCF-7 




1.9 X 10 7 




+ 


2.7 X 10 4 


Jurkat 




3.2 X 10 7 




+ 


1.3 X 10 3 


PC-3 




2.9 X 10 7 




+ 


1.2 X 10 3 


K562 




3.4 X 10 6 




+ 


4.4 X 10 5 


BC-1 




5.2 X 10 7 




+ 


1.2 X 10 5 


KL-60 




3.5 X 10 6 




+ 


2.0 X 10 4 
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Figure 2. VSV inhibits growth of C6 glioblastoma tumors in nude mice. (A) One week after subcutaneous implantation with 
2 X 10 6 C6 glioblastoma cells into nude mice, tumors (n = 3) were injected with two doses of VSV, 5 X 10 7 pfu/dose, 4 days 
apart (A). Control tumors (n = 3) received equivalent amounts of heat -inactivated VSV (■). Tumor volumes were measured daily 
for 3 weeks. (B) Representative mice from this experiment were photographed. 



replication and cytolysis, suggesting that IFN signaling may be 
defective in these cells. 

These data indicated that VSV may be useful as an oncolytic 
virus in the treatment of cancer. Similar strategies have been 
used with viruses such as adenovirus, which has been genetically 
modified to preferentially replicate in p53-deficient human tu- 
mor cells (8-10). To start evaluating the use of VSV in antitumor 
therapy, we subcutaneously implanted athymic nude mice with 
2 X 10 6 C6 glioblastoma cells. When palpable tumors had formed 
(~7-14 days postinoculation, when the size of the tumors had 
reached ~ 0.25 mm 2 ), the mice were infected intratumorally with 
VSV (2.5 X 10 7 pfu/ml) and monitored daily. Injection with the 
same amount of virus was repeated after 4 days. Administration 
of VSV resulted in marked repression of tumor growth in all an- 
imals tested within 17 days, when tumors in the control animals 
exceeded the acceptable tumor burden (Fig. 2A, B). Similar re- 
sults were obtained with a single intratumoral injection of VSV 
(data not shown). These data highlight the potent efficacy of 
VSV against tumors both in vitro and in vivo. 

Hematoxylin/eosin (HE)- staining of paraffin-embedded sec- 
tions prepared from samples of VSV-infected C6 glioblastoma 
tumor tissue indicated widespread cell death; the retrieved tu- 
mors had a considerable lack of vascular infiltration and gave lit- 
tle evidence of tumor cell infiltration into the surrounding tissue 
(data not shown). Indeed, we were routinely successful in gener- 
ating robust ex vivo growth of uninfected tumors but were unable 
to establish any cell lines from implanted, VSV-infected tumors 
(data not shown). To examine whether VSV spread beyond the 
virus-inoculated tumor, various tissues from the VS V-treated an- 
imals, as well as the tumors themselves, were analyzed for the 



presence of residual, replicating VSV. Interestingly, examination 
of VSV-infected tumors for VSV 21 days after infection revealed 
the presence of residual virus (2 X 10 4 to 3.5 X 10 5 pfu/g) in tu- 
mor tissue derived from the C6 glioblastoma cells. However, 
virtually no virus (< 10 pfu/g) was detectable in the lung, brain, 
kidney, spleen, or liver of mice receiving VSV therapy after 
this period. These data show that VSV replication is restricted 
to tumor lineage and complements our observations confirming 
that no overt anomalies or sickness was apparent in the treated 
animals during the period of study. 

Our results strongly suggest that VSV may be useful in treat- 
ing human cancers. The mechanisms by which VSV is restricted 
to replication in tumor cells, although largely unknown, may in- 
volve disruption of key host defense mechanisms such as the 
IFN pathway and possibly PKR action. That PKR autophospho- 
rylation and the phosphorylation of eukaryotic initiation factor 
2 (eIF2a) occur in VSV-permissive cell lines, however, implies 
that signaling pathways downstream of PKR and independent 
of eIF2a are disrupted in these cells (data not shown). Alterna- 
tively, perhaps VSV can overcome the block by PKR on trans- 
lation in malignant cells by a mechanism that remains to be 
determined. Interestingly, studies have shown that expression 
of activated Ras reportedly renders PKR inactive, although the 
mechanism by which this occurs remains unknown (11, 12). Re- 
cently, Coffey et al. (13) exploited this observation and showed 
that reovirus could preferentially replicate in cells transformed 
by Ras and might be useful as a therapy for tumors containing the 
activated Ras oncogene. Importantly, our data presented here, as 
well as results obtained by other sources, demonstrate that VSV 
replicates not only in those cell lines containing activated Ras 
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but also in tumors harboring other promoters of oncogenesis, 
such as overexpressed Myc, Bcl-2, or defective p53. These ge- 
netic defects occur in >90% of all known tumors, indicating that 
VSV could be used to treat a wide range of malignancies (14). 
Also noteworthy is that VSV lacks any known ability to con- 
tribute towards transformation of the cell, has a very simple 
genetic constitution, and is essentially nonhazardous to hu- 
mans (1). Moreover, a lack of prior exposure to VSV in hu- 
mans means that this treatment may not be markedly impeded 
by previous contact with the agent, as is the case when using 
other virus vectors (8-10, 13). 

Indeed, the immunobiology associated with VSV infection is 
considerably well characterized (1). Although cytotoxic T cell 
responses are generally considered to be critical for resolving 
viral infections, substantial evidence indicates that it is the anti- 
bodies that play an indispensable role in the early phase of VSV 
infection. For example, B cell-deficient mice are highly suscep- 
tible to low doses of virus, although mortality can be prevented 
by transferring naive B cells to the mice before challenge as well 
as by administering immune serum after challenge (15-17). The 
type-specific VSV G protein is the viral antigen giving rise to the 
neutralizing antibodies that are critically important in eliminat- 
ing VSV infection. This knowledge may be useful in designing 
recombinant VSV viruses to avoid host immune responses that 
may affect virus spread and tumor killing. The findings reported 
in this study have recently been complemented by Stojdl et al., 
who also demonstrate the potential of VSV as an oncolytic agent 
(18). 

Another advantage of using VSV as an antitumor agent is its 
ability to be genetically manipulated. A family of recombinant 
viruses could feasibly be constructed, from which one could gen- 
erate and isolate individual members presenting various G pro- 
tein epitopes on their surface. In this way, rapid IgM responses 
that occur after 6-8 days and subsequent T cell-dependent and 
independent IgG responses could be avoided by administering 
a different viral psuedotype at repeated times until the tumor is 
eliminated. In addition, recombinant VSVs could be generated 
to express foreign proteins of choice, such as suicide cassettes 
or selected cytokines that enhance tumor rejection and stimulate 
antitumor T-lymphocyte responses. 

Collectively, the data presented here show that VSV preferen- 
tially replicates and destroys immortalized or tumorigenic cells, 
which implies that this virus may be useful as a novel anticancer 
agent in the treatment of cancer. 
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Abstract 

Considering the enormous effort that has taken place over the years to discover new chemotherapeutic drugs for treating the 
common cancers, the conventional murine and xenograft test systems used to test efficacy for drug development have identified only 
a limited number of useful agents that are active clinically at well tolerated doses. In recent years, considerable effort has been made 
to develop more clinically relevant models by the use of orthotopic transplantation of tumour material in rodents. It has been 
shown that it is now possible to transplant tumour material from a variety of tumour types into the appropriate anatomical site and 
often these tumours will metastasise in a similar manner and to similar locations as the same tumour type will in human cancer. As 
yet, although a body of literature has amassed on the technique itself and its implications for metastasis, there are relatively few 
laboratories using these test systems in drug development programmes. Nevertheless, given the expertise now being developed and 
some interesting observations being made on the role of the tumour site on response to therapeutic agents, it is likely that the use of 
orthotopic systems will strengthen our ability to select the most appropriate molecules for recommended use in clinical studies. 
© 2003 Elsevier Ltd. All rights reserved. 
Keywords: Orthotopic; Experimental tumours; Drug discovery 



1. Introduction 

The selection of appropriate animal model systems in 
which to assess novel therapies for cancer remains con- 
troversial, but as drug discovery programmes become 
more geared to rational drag development, where 
molecules are designed to interact with a specific clini- 
cally relevant target, the selection of the appropriate in 
vivo test system is crucial to establishing the worth of 
such molecules. In the past, murine tumour systems 
were used for drug screening with mouse leukaemias 
being utilised as prescreens [1]. These grew very rapidly, 
had a high growth fraction and proved to be sensitive 
to a number of agents that were subsequently shown to 
have more activity against leukaemias and lymphomas 
than against solid carcinomas and sarcomas and to be 
toxic to the bone 'marrow [2]. As a result of these early 
screens, there is a general misconception that tumours 
in rodents are sensitive to drug therapy and are easy to 
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cure. In reality this is untrue and back in 1987 Corbett 
and colleagues [3] pointed out that most of the agents 
that had entered the clinic at that time had poor or no 
activity against the majority of transplantable solid 
tumours in mice. Modest activity is often seen, but this 
is usually at the expense of host toxicity [4]. In current 
times, new drugs are not screened for activity in panels 
of tumours until there are considerable mechanistic and 
in vitro data available. The National Cancer Institute 
(NCI) in the United States of America (USA) has had a 
major influence in moulding the modern strategy for 
drug screening ensuring that information on cytotoxi- 
city levels and potential targets of new molecules is 
available at an early stage [5,6]. If a molecule has suc- 
cessfully passed the various tests that suggest it may 
have potential for further in-depth study, an appro- 
priate in vivo model must be sought. This has tradition- 
ally been a panel of often poorly characterised human 
tumour xenografts implanted subcutaneously (s.c.) in 
nude mice. Although this type of model is relatively easy 
to operate in that it is technically straightforward 
and generates lots of data it is not necessarily the most 
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relevant to clinical cancer. There are publications that 
suggest that correlations between xenograft data and 
clinical activity are good [7], but there are publications 
that give the opposite view [8]. One major drawback of 
models that utilise s.c. tumour implants is that they 
clearly do not reproduce the primary site of the com- 
mon human cancers nor do they represent the common 
sites of metastasis. Humans develop lung cancer in the 
lung, colon cancer in the colon, breast cancer in the 
breast etc and the common malignancies metastasise 
preferentially to specific sites, e.g. colon tumours 
metastasise to the liver. In an attempt to address these 
issues, orthotopic transplantation of tumour material to 
the appropriate anatomical site has been established. 
There seems to be a general view appearing amongst 
researchers involved in the drug discovery and develop- 
ment process that the use of models that more closely 
reflect the biological features of cancer growth and 
metastasis in humans will provide better prediction of 
potential clinical activity. This short review attempts 
to address some of the advantages and disadvantages 
of adopting this procedure for drug discovery and 
development. 



2. Principles of orthotopic transplantation 

Orthotopic transplantation of colon tumours in mice 
has been around for many years [9] and there is now a 
wealth of literature describing tumour material being 
implanted into most of the common sites in which can- 
cer arises. Of course the technique not only needs to be 
technically feasible, but it must be ethically acceptable. 
It is clearly very straightforward to implant breast can- 
cer tissue into the mammary fat pad of mice, but much 
more demanding on surgical skills to implant prostate 
cancer tissue into the prostate of a mouse for example. 
Early experiences were largely restricted to colon cancer 
and a number of general observations have been made 
using colon models. Orthotopic transplantation of 
murine colon adenocarcinoma resulted in metastatic 
growth in the liver [9]. At that time, the role of this type 
of model for new drug evaluation was not proven. 
Other studies since the 1950s had indicated that it was 
possible to grow tumours in rodents in other sites e.g. 
by injecting tumour cells into the left ventricle or intra- 
venously (i.v.) [10]. Much of the effort at that time was 
to investigate the various stages of metastatic spread 
rather than to develop models for drug discovery pur- 
poses. In the case of therapeutic studies, it is important 
to fully characterise the model system in advance to 
ensure the therapeutic target is present in the model and 
this can be easily illustrated by a series of procedures 
carried out in this laboratory with a syngeneic murine 
model system. For this work, we utilised one of a mouse 
colon model panel developed in the mid-1970s [11]. 



These are adenocarcinomas of the colon originally 
induced in Naval Medical Research Institute (NMRI) 
mice by dimethylhydrazine. They have an advantage 
over some other murine systems in that they consist of a 
series of tumours that possess different growth char- 
acteristics, differentiation state [12] and chemo sensitivity 
patterns to commonly used anti-cancer drugs [1 1]. For 
these early studies, we selected the MAC 15 tumour. These 
tumours are locally invasive at the s.c. site (Fig. la) and 
previous studies had demonstrated that when a piece of 
this tumour was implanted intraperitoneally (i.p.) it was 
possible to drain ascitic fluid that contained tumour 
cells from these mice. These tumour cells could be 
grown in culture or injected i.v. when they grew in the 
lungs of recipient syngeneic hosts to form poorly differ- 
entiated lung colonies [13]. Using this model, it was 
possible to examine the influence of tumour site on 
response to anti-cancer drugs [14] without the necessity 
for intricate surgery — at first sight a very useful addition 
to an in vivo test system, although it did not address a 
fundamental question in colon cancer therapy viz the 
response of liver metastases. This needed a different 
approach and, in the first instance, we inoculated 
MAC 15 cells from ascitic fluid into the wall of the cae- 
cum. This resulted in the successful growth of a poorly 
differentiated adenocarcinoma in the caecal wall 
(Fig. lb) with metastatic deposits in the liver (Fig. lc, d) 
[15]. If on the other hand, tumour pieces from the s.c. 
serially transplanted MAC15 were implanted into the 
caecal wall, a well-differentiated tumour grew at the 
transplantation site (Fig. le) and well-differentiated 
metastatic deposits were identified in the liver (Fig. If, 
g). Clearly, the cells recovered from the ascitic fluid did 
not retain the differentiation state and did not repro- 
duce the morphology of the original tumour. Although 
the poorly differentiated model may well have been 
useful for some drug molecules e.g. standard anti-pro- 
liferative agents, it would have been less useful for 
evaluation of molecules that target specific stromal 
components of the tumour such as the tumour blood 
supply. As a result of the expanding literature on ortho- 
topic transplantation and general consideration of the 
clinical relevance of tumour site, a number of factors 
that are important for drug responses have now been 
identified. One example is from the studies of Fidler and 
colleagues [16,17] who investigated the response to doxo- 
rubicin (dox) and 5-fiuorouracil (5-FU) in three tumour 
types growing in different anatomical sites. Response to 
5-FU was similar independent of site whereas only s.c. 
tumours responded to dox. These authors demonstrated 
that the difference in sensitivity to dox was probably 
due to overexpression of mdrl mRNA in the resistant 
sites. These experiments demonstrate the need for thor- 
ough biological investigation of the model systems 
employed in order to interpret the effects of therapy, an 
area often overlooked in preclinical drug studies. 
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Fig. 1. Histological sections of murine colon tumours (H&E). (a) Local invasion in subcutaneously transplanted MAC15A tumour, (b) Poorly 
differentiated appearance of ortholopically implanted MAC15A cells in the mouse caecum (f). (c) Poorly differentiated colon metastasis of ortho- 
topically implanted MAC15A cells, (d) High power of (c). (e) Well-differentiated MAC 15 tumours implanted in mouse caecum, (f) Single well- 
differentiated metastasis of orthotopically implanted MAC 15 tumours, (g) High power of (f) showing glandular appearance of metastasis, (original 
images b-g courtesy of Ramakrishnan, 1983 [15]). MAC15A cells were derived from ascitic fluid [13]. 



3. Advantages of an orthotopic system 

Given the fact that many tumour types can now be 
grown successfully in orthotopic sites [18-21], what are 
the real advantages of such systems for drug discovery 
and development? It is now clear that the process of 
metastasis is more efficient in orthotopically implanted 



tumours and closely mimics human metastasis [22). 
There are impressive studies describing metastasis of 
orthotopic tumours to clinically relevant sites e.g. pros- 
tate and breast to bone [23,24]. One of the most obvious 
advantages then of orthotopic systems is that attempts 
to target processes in local invasion e.g. inhibition of 
proteases or interfering with the process of angiogenesis 
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can be carried out in a more clinically relevant site. The 
identification of different receptor expression in endo- 
thelium from different organs [25] clearly demonstrates 
the usefulness of using appropriate sites for design and 
investigation of novel targeted anti-angiogenesis thera- 
pies. Studies with anti- vascular drugs have been carried 
out in models of colon cancer. 5,6-dimethyl xanthenone 
acetic acid (DMXAA) [26] and Combretastatin A-4 
phosphate (CA-4) [27] have been shown to cause vas- 
cular shutdown and haemorrhagic necrosis in vascu- 
larised colon tumours in orthotopic and metastatic sites 
in mice [28,29]. Blood flow effects with CA-4 occurred 
well below the maximum tolerated dose (MTD) whereas 
DMXAA had a narrow therapeutic window. In sub- 
sequent clinical trials, CA-4 appeared to be more effec- 
tive at causing changes in blood flow in human 
tumours. More recently, another combretastatin analo- 
gue, combretastatin A-l phosphate, has been shown to 
be more effective than CA-4 at causing haemorrhagic 
necrosis in two models of human colon tumour liver 
metastasis [30]. It remains to be seen whether data from 
orthotopic tumour systems give a better indication of 
potential clinical activity of these antivascular drugs. 

Orthotopic transplantation has occasionally been 
useful in identifying potential pitfalls of s.c. tumour 
models. There have been a number of publications 
indicating that it is possible to potentiate the activity of 
standard and investigational agents in experimental 
tumours by combination with a variety of vaso-active 
agents. This approach relies on the described lack of 
smooth muscle and innervation of neovasculature in 
solid tumours [31]. Many agents alter blood flow in 
tumours [32], but most studies utilised the anti-hyper- 
tensive hydralazine that is effective at reducing blood 
flow in transplantable tumours in rodents [33,34]. 
Hydralazine was shown to enhance the effectiveness of 
bioreductive drugs such as RSU1069 [35], Tirapazamine 
[36], E09 [37] and mitomycin C [38] and a couple of 
direct-acting cytotoxic agents, melphalan [39] and taur- 
omustine [40]. These studies were all carried out in s.c. 
transplanted models and although such studies indi- 
cated a potential therapeutic strategy this has not been 
shown to work clinically. Studies in rodents with pri- 
mary malignancies [41] indicated less of an effect with 
hydralazine and studies from this laboratory indicated 
that hydralazine was more effective at shutting down 
blood supply to a s.c. transplanted murine colon 
tumour than to the same tumours transplanted ortho- 
topically [42]. Although the approach of altering 
tumour blood flow for therapeutic gain in humans 
seems to be little 'studied at present, Rowell and collea- 
gues [43] showed by the use of SPECT and 99m Tc- 
11 MFC) that single dose oral hydralazine caused the 
blood flow through human lung tumours to increase 
rather than decrease. Experimental evidence suggests 
that orthotopically transplanted tumours may be more 



appropriate models in which to investigate these physi- 
ological strategies than the usual s.c. transplanted 
tumour models. 

To date, considering the large body of published 
information on orthotopic systems, few studies have 
been concerned with investigating the effects of chemo- 
therapy in general and even less have been used in pre- 
clinical studies of novel drugs. However, some of these 
studies suggest that the results are likely to better reflect 
the activity in patients. The Hoffman group which is 
prolific in the area of orthotopic tumour research, using 
an in vivo model of small-cell lung cancer (SCLC), 
showed that cisplatin had significant effects against lung 
tumours, but was ineffective against the same tumours 
growing s.c. [44]. Mitomycin C was ineffective against 
the lung tumours thus reflecting the clinical situation. 
The authors concluded that their data suggested that 
tumours grown orthotopically reflect the clinical effects 
of drugs on human SCLC more closely than the tumours 
growing s.c. The Fidler group made the equally valid 
point that human colon xenografts growing s.c. in nude 
mice often respond to dox, whereas human colon cancer 
does not [17]. Despite these very interesting studies, 
there is a need for more in-depth assessment of the 
potential advantages of orthotopic over s.c. tumours by 
examining currently useful chemotherapeutic agents 
against common cancer types. 



4. Disadvantages of orthotopic models 

It is relatively easy to identify disadvantages of 
orthotopic transplantation, the most obvious limitation 
being technical skill. The procedures are generally far 
more difficult and time-consuming, hence more expen- 
sive than for conventional s.c. models. Endpoints for 
determining the effects of therapy are more complex 
than the normal tumour measurement in s.c. models 
and ensuring that animal suffering is kept to a mini- 
mum, although essential, can be difficult. As imaging 
studies are developed, improved and become more 
widely available, the endpoint becomes less of a prob- 
lem and animal usage can be reduced as the ability to 
follow the effects of therapy sequentially in individual 
animals becomes possible. 

Of course the major goal of drug discoverers is to 
develop effective therapies for metastatic deposits of the 
major common malignancies. Very often the surgeon 
has successfully removed the primary tumour, but the 
patient will die later of metastatic disease. In our 
experience, metastasis from an orthotopically trans- 
planted colon tumour in a mouse can be a late event, at 
least the mouse may succumb to the primary tumour 
prior to significant metastasis to the liver being obvious. 
The identification of a suitable endpoint other than the 
scientifically and morally unacceptable one of survival 
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can be difficult. However, if the "primary" deposit is 
surgically excised and the mouse allowed to recover, 
metastatic deposits occur in the liver after a few weeks. 
This makes the procedures more complex, but certainly 
produces a good model of large bowel cancer. 

The development and establishment of stable green 
fluorescent protein (GFP)-expressing cell lines that 
permit detection and allow visualisation of growth of 
the tumour and metastases in live tissue [45] has had 
a major impact on research with orthotopic models. At 
the time this work represented a significant improve- 
ment over the use of the Escherichia coli P galactosidase 
(lacZ) gene to identify metastases where it was necessary 
to use histological preparations of tissues [46]. A 
number of publications have now appeared on the use 
of GFP to monitor orthotopic and metastatic growth of 
tumours non-invasively and this technique would lend 
itself to preclinical drug evaluation. A non-invasive 
imaging technique for monitoring luciferase-expressing 
human prostate tumours and metastasis in nude mice 
after i.p. inoculation of luciferase has also been descri- 
bed [47] and a particularly interesting approach is the 
use of in vivo bioluminescent imaging to study bone 
metastasis in a model of prostate cancer [24]. Animal 
positron emission tomography (PET) studies have been 
successfully used to monitor the effects of the anti- 
vascular agent CA-4 in murine liver metastases [48]. 
Although these imaging studies have indicated the 
potential for monitoring tumour growth non-invasively, 
the techniques are not yet widely available and it is still 
unclear whether the use of orthotopic versus s.c. 
tumours results in a better prediction of clinical 
response. The matrix metalloprotease inhibitor, Bati- 
mastat, was shown to reduce tumour progression in an 
orthotopic model of colon cancer [49], but this com- 
pound has subsequently been shown to be disappointing 
in clinical trials, so it appears that orthotopic tumours 
can still overestimate potential clinical efficacy. 



5. Conclusions 

In assessing the question as to whether orthotopic 
models are better for drug studies than the more con- 
ventional s.c. tumours, it is necessary to first think 
about the questions we are attempting to answer [50]. 
What do we need from a preclinical tumour model used 
in drug discovery? The most important question can be 
answered in a simple mouse system i.e. can effective 
drug concentrations based on previous in vitro data be 
achieved in vivoi and are these concentrations tolerated 
without major toxicity? Assuming this to be in the 
affirmative, the next question to address is: Is the mole- 
cule reaching and, more importantly, interacting with its 
designated target? A prerequisite of any model then, 
whether it be a s.c. or orthotopic tumour, must be that 



not only is the target present, but that it is possible in 
that model to demonstrate evidence of the mechanism 
of action i.e. a pharmacodynamic endpoint. The best 
approach to selecting an animal model for drug efficacy 
studies is to design the model to address each question. 
It is likely that a number of clinically relevant targets 
will be better represented by orthotopic tumour systems 
that mimic the morphology, microenvironment and 
growth and metastatic patterns of human cancer. 
Angiogenesis is one of the areas that appears appro- 
priate for more in-depth study in this regard. 

In conclusion, there have been very significant devel- 
opments in orthotopic transplantation techniques for 
studying the process of cancer metastasis. It is clear that 
the appropriate microenvironment leads to the devel- 
opment of the metastatic phenotype and there are fur- 
ther opportunities to investigate the molecular events 
associated with cancer progression. However, there is 
still some way to go in determining the real advantages 
these techniques may have in improving our ability to 
design and evaluate the most effective molecules for 
treating human metastatic disease. The time is right to 
fully characterise these models to establish their real 
worth as predictors of therapeutic outcome of clinical 
disease. 
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Treatments for hematological malignancies have improved 
considerably over the past decade, but the growing 
therapeutic arsenal has not benefited adult T-cell leukemia 
(ATL) patients. Oncolytic viruses such as vesicular 
stomatitis virus (VSV) have recently emerged as a 
potential treatment of solid tumors and leukemias in vitro 
and in vivo. In the current study, we investigated the 
ability of VSV to lyse primary human T-lymphotropic 
virus type 1 (HTLV-l)-infected T-lymphocytes from 
patients with ATL. Ex vivo primary ATL cells were 
permissive for VSV and underwent rapid oncolysis in a 
time-dependent manner. Importantly, VSV infection 
showed neither viral replication nor oncolysis in HTLV- 
1-infected, nonleukemic cells from patients with HTLV-1- 
associated myelopathy/tropical spastic paraparesis 
(HAM/TSP), and in naive CD4+ T-lymphocytes from 
normal individuals or in ex vivo cell samples from patients 
with chronic lymphocytic leukemia (CLL). Interestingly, 
activation of primary CD4+ T-lymphocytes with anti- 
CD3/CD28 monoclonal antibody, and specifically with 
anti-CD3, was sufficient to induce limited viral replication 
and oncolysis. However, at a similar level of T-cell 
activation, VSV replication was increased fourfold in 
ATL cells compared to activated CD4 + T-lymphocytes, 
emphasizing the concept that VSV targets genetic defects 
unique to tumor cells to facilitate its replication. In 
conclusion, our findings provide the first essential 
information for the development of a VSV-based treat- 
ment for ATL. 
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Introduction 

Adult T-cell leukemia (ATL) is an aggressive malig- 
nancy of mature activated, CD4/CD25+ T-lympho- 
cytes that occurs worldwide in populations where 
human T-lymphotropic virus type 1 (HTLV-1) infection 
is endemic - southwestern Japan, the Caribbean Basin, 
intertropical Africa, and the southern United States. 
HTLV-1 has also been etiologically linked to a 
neurological disorder, HTLV-1 -associated myelopathy/ 
tropical spastic paraparesis (HAM/TSP) (Uchiyama 
et al, 1977; Hinuma et al, 1982; Gessain et al, 1985; 
Osame et al, 1986). Mechanistically, the HTLV-1 Tax 
oncoprotein plays a central role in the initiation of 
transformation by transactivating several cellular path- 
ways (Yoshida, 2001; Franchini et al., 2003), and by 
promoting the oligo/polyclonal expansion of HTLV-1- 
infected T cells (Mortreux et al., 2003). Subsequently, 
Tax-mediated accumulation of host genome alterations 
leads to Tax-independent proliferation, escape from the 
CD8 + T-lymphocyte anti-Tax response, and emergence 
of the malignant CD4/CD25+ T-lymphocyte clone 
(Yasunaga and Matsuoka, 2003). 

Despite extensive progress in the understanding of the 
molecular virology and immunology of HTLV-I-asso- 
ciated diseases, there has been only minimal improve- 
ment in the treatment of ATL. Conventional as well as 
high-dose chemotherapy has shown only limited benefit, 
and the aggressive subtypes of ATL carry a very poor 
prognosis, with a median survival of less than 1 year 
(Shimoyama, 1991). The combination of antiviral 
nucleosides and interferon (IFN)-a has been shown 
to improve the response rate and survival; however, 
most patients relapse and succumb to disease, thus 
underlining the need for new therapeutic approaches 
(Bazarbachi et al, 2004). 

One promising and novel cancer therapeutic approach 
against tumor cells is virotherapy. Several naturally 
occurring or genetically engineered viruses are effective 
in killing tumor cells in many experimental models 
(Steele, 2000; Wu et al, 2001; Chiocca, 2002). 
Recently, vesicular stomatitis virus (VSV), an enveloped 
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negative-strand RNA virus belonging to the Rhabdo- 
viridae family, has been shown to possess intrinsic 
oncolytic properties (Balachandran and Barber, 2000; 
Stojdl et al, 2000). VSV can infect a wide variety of 
mammalian cells and host defense to VSV infection is 
based on the antiviral activity of IFN before the 
generation of neutralizing antibody response (Grigera 
et al, 1996). The ability of VSV to replicate in and lyse 
tumor cells occurs in part due to defects in the IFN 
antiviral response in tumor cells (Stojdl et al, 2000, 
2003; Fernandez et al, 2002). Recently, Stojdl et al. 
(2003) demonstrated that 80% of VSV-permissive cell 
lines had impaired responses to either IFN-a or IFN-/?. 
Complete destruction of cell line-derived xenograft 
tumors in animal models following intratumoral injec- 
tion of wild-type or genetically modified VSV have been 
documented (Balachandran and Barber, 2000; Stojdl 
et al, 2000, 2003; Balachandran et al, 2001; Fernandez 
et al, 2002; Ebert et al, 2003; Huang et al, 2003; 
Obuchi et al., 2003). Furthermore, systemic intravenous 
administration of VSV in mouse models has also shown 
potency in treating primary and metastasic tumors 
(Balachandran et al, 2001). 

The importance of IFN in the host defense against 
VSV was highlighted by demonstrating that mice 
harboring defects in IFN signaling are highly sensitive 
to normally sublethal exposure to VSV (Muller et al, 
1994; Durbin et al, 1996), a situation that is dramati- 
cally reversed by prophylactic IFN treatment (Stojdl 
et al, 2003). Recent analysis has demonstrated 
that defective control of mRNA translation initiation 
plays a crucial role in cell permissiveness to VSV 
(Balachandran and Barber, 2004), and that translation 
control downstream of PKR activation, frequently 
dysregulated in many transformed cells, can cooperate 
with attenuated IFN antiviral activity to facilitate VSV 
oncolysis. 

While most studies of VSV oncolysis in vitro and/or in 
animal models have been performed with cell lines, 
preclinical data in primary cancer cells are still lacking. 
In this study, we investigated the oncolytic activity of 
VSV in primary CD4+ T-lymphocytes from ATL 
patients. Ex vivo VSV infection induced significant 
oncolytic activity in primary ATL cell in a time- and 
dose-dependent manner. These studies provide the first 
essential information for the development of a VSV- 
based treatment for ATL. 



Materials and methods 

Cells and reagents 

HTLV-1 T-cell lines MT-2 and MT-4 cells were purchased 
from American Type Culture Collection (ATCC) and main- 
tained in RPMI 1640 medium supplemented with 10% FCS 
(Wisent) and lOOU/ml penicillin/streptomycin (referred to as 
complete RPMI 1640). The human Epstein-Barr virus- 
transformed B-cell chronic lymphocytic leukemia (B-CLL) 
1-83 cell line and Epstein-Barr virus-negative B-CLL WSU cell 
line were cultured in complete RPMI 1640. Peripheral blood 
mononuclear cells (PBMCs) from four ATL patients (samples 
ATL-1, ATL-2, ATL-3, and ATL-4), two patients with HAM/ 



TSP (HAM-1 and HAM -2), three patients with B-CLL 
(CLL-1, CLL-2, and CLL-3), one patient with T-CLL (CLL-4), 
and three healthy individuals were obtained after informed 
consent. PBMCs were isolated by centrifugation (400 # at 20°C 
for 25min) of blood on a Ficoll-Hypaque gradient (Amer- 
sham Pharmacia Biotech). PBMCs were resuspended in RPMI 
1640 medium supplemented with 15% heat-inactivated FBS, 
lOOU/ml penicillin-streptomycin, and 70U/ml of human- 
recombinant IL-2 (rIL-2, Roche Diagnostics, Mannheim, 
Germany). 

Isolation of T cells 

Freshly isolated PBMCs were incubated with CD4 enrichment 
cocktail (Miltenyi Biotec) and CD4+ T-lymphocytes were 
negatively selected with the high-speed autoMACS system 
(Miltenyi Biotec) according to the manufacturer's instructions. 
In all cases, the purity of CD4 + T-lymphocytes was between 
90 and 95% as determined by flow cytometry. Isolated CD4 + 
T cells were cultured in complete RPMI 1640. 

T-cell activation 

Purified CD4+ T-lymphocytes (10 6 /ml) were mock activated 
or activated in vitro for 24 h with 5 ^g/ml of immobilized anti- 
CD3 monoclonal antibody, and 1 ^g/ml of immobilized anti- 
CD28 monoclonal antibody (BD Biosciences), in the presence 
of 70U/ml of rIL-2. Cells were then harvested, washed, and 
cultured in complete RPMI 1640. 

Virus production, quantification, and infection 
Wild-type VSV (Indiana serotype) and rVSV-GFP were 
propagated in BHK-21 cells as described previously (Stojdl 
et al, 2003). Viruses were obtained from cell-free supernatants 
and titrated on Vero cells by standard plaque assay. Cells were 
mock infected or infected with VSV at an MOI of 1 PFU/cell 
for 1 h in RPMI 1640 at 37°C. In some experiments, caspase-3 
inhibitors zVAD-FMK or D-VAD-FMK were added to a final 
concentration of 100 fM at 20min prior to VSV infection. The 
cells were then washed with PBS and incubated with complete 
RPMI 1640 at 37°C for the indicated times. Following 
incubation, cells were harvested in PBS, pelleted, and 
processed for protein analysis. For indicated experiments, 
cells were mock infected or infected with rVSV-GFP under 
similar conditions and GFP expression was analysed by 
FACScalibur™ flow cytometry. 

Immunohlot analysis 

Cells destined for immunoblotting were washed with PBS and 
lysed in lysis buffer (0.05% NP40, 1% glycerol, 30 mM NaF, 
40 mM ^-glycerophosphate, 10mM Na 3 V0 4 , lOng/ml of 
protease inhibitors (leopeptine, aprotinine, and pepstatine)). 
Protein concentration was determined with Bio-Rad protein 
assay reagent (BioRad), and 20 jig of protein was then resolved 
using 12% SDS-PAGE and transferred to nitrocellulose 
membrane (Hybond C Super; Amersham, Oakville, Canada). 
Blots were blocked for lh at 25°C in 5% nonfat dried milk 
in PBST (PBS + 0.5% Tween-20). Membranes were then 
incubated overnight with rabbit anti-VSV, anti-Rho GDP- 
dissociation inhibitor (Rho-GDI) (BD Pharmingen, 1:5000), 
anti-procaspase-3 (Upstate, 1:1000), anti-cleaved caspase-3 
(Cell Signaling, 1:2000), anti-DNA fragmentation factor-45 
(DFF-45) (Sharif -Askari et al, 2001) (1:3500), or mouse anti- 
0-actin (Chemichon, 1:10000) at 25°C. The blots were then 
washed three times in PBST and reincubated in the presence 
of horseradish peroxidase-conjugated goat anti-rabbit or anti- 
mouse antibodies (Amersham, 1:3000) for lh at 25°C. 
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Following three washes with PBST, the proteins were detected 
with the enhanced chemiluminescence (ECL) kit (Amersham, 
Oakville, Canada). 



Immunofluorescence staining and analysis 
After washing twice with PBS, cells were stained with 
monoclonal allophycocyanin-labeled anti-CD4, phycoerytrin 
(PE)-labeled anti-CD25 or PE-labeled anti-CD69 (BD 
Pharmingen), for 30min in PBS/1% FCS. After a final wash 
with ice-cold PBS, cells were resuspended in 400 p\ IM S 
buffer (PBS/CytoFix (BD Pharmingen)). Flow cytometric 
analyses (1 x 10 4 cells/measurement) were performed by 
FACScalibur™ flow cytometer with CELLQuest™ software 
(Becton Dickinson). 



Measurement of apoptosis 

Apoptotic cells were analysed by annexin V/7-amino-actino- 
mycin D (7 -A AD) double staining for detection of the 
apoptotic plasma membrane (phosphatidylserine transloca- 
tion). Mock- or VSV-infected cells were washed and resus- 
pended in 300 p\ of ice-cold annexin V binding buffer (HEPES- 
NaOH, pH 7.4, 140 mM NaCl, 2.5 mM CaCl 2 (BD Pharmin- 
gen)), incubated on ice for 15min with 1^1 of each of 
fluorescein isothiocyanate (FITC)-conjugated annexin V and 
7-AAD (BD Pharmingen), and followed by flow cytometric 
analysis. For DNA content staining, cells were collected, 
washed in ice-cold PBS/5 mm EDTA, and fixed in ethanol 
(70% in PBS) overnight at -20°C. After fixation, cells were 
then washed in PBS, and stained with a PI staining solution 
(PBS, 50^g/ml PI, lOOU/ml RNase A and 1 mg/ml glucose) 
for 2 h at room temperature before FACS " analysis. For each 
sample, the forward versus right-angle scatter cytogram was 
used to exclude debris and aggregates. Apoptosis was 
determined by quantification of the sub-G 0 population 
(1 x 10 4 cells/m 



Results 

VSV replicates and induces rapid cell death in 
HTLV-1 -transformed cells 

Wild-type VSV has been shown to induce potent 
cytolytic effects against a wide range of tumor cells, 
including 80% of the NCI human tumor cell line panel 
(Weinstein et ah, 1997). Thus, we first sought to 
determine the ability of VSV to replicate and induce 
cell death in the HTLV-1 -infected T-cell lines, MT-2 and 
MT-4. VSV infection was accompanied by cell death; 
quantification by acridine orange-ethidium bromide 
fluorescent-dye staining showed that cell death was time 
dependent (Figure la), and by 48 h post-VSV infection, 
no significant viable cells were detected. Cell death was 
correlated with VSV replication; as shown in Figure lb, 
after infection with a VSV strain expressing GFP (rVSV- 
GFP), a significant percentage of cells were positive for 
GFP expression in both MT-2 and MT-4, illustrating 
the permissiveness of HTLV-1 -transformed T cells for 
VSV infection. At 12 h postinfection, 45% of infected 
cells were GFP positive in MT-4 cells as compared to 
10% in MT-2 cells, suggesting higher VSV replication in 
MT-4 than MT-2 cells. 




MT-2 



MT-4 



Figure 1 VSV replication in HTLV-l-transformed cells, (a) 
Growth of VSV-infected MT2 and MT4 cell lines. Cells were 
mock infected or infected (MOI of 1 PFU/cell) with VSV-HR strain 
for the indicated times. Cells were stained with acridine orange and 
ethidium bromide, and viable cells were counted by fluorescence 
microscopy. (■) MT2; (□) MT2 + VSV; (A) MT4; and (A) 
MT4 + VSV. (b) Kinetics of VSV-GFP replication in MT-2- and 
MT-4-transformed cell lines. At the indicated times postinfection, 
cultures were evaluated for VSV replication by flow cytometry. The 
full histogram represents GFP expression in mock-infected cells. 
The empty histogram represents GFP expression in VSV-infected 
cells, (c) Kinetics of VSV-induced cell death in MT-2 and MT-4 cell 
lines. At the indicated times, apoptosis was measured using annexin 
V/7-AAD staining by flow cytometry. 



VSV induces caspase-dependent cell death in 
HTLV-l-transformed cells 

VSV-induced cytolytic activity was further confirmed by 
increased binding of annexin V-FITC to externalized 
phosphatidylserine of infected but not of control cells. 
Double staining for annexin V and 7-AAD revealed that 
phosphatidylserine exposure was induced in a time- 
dependent manner in both MT-2 and MT-4 cell lines 
following VSV infection (Figure lc), and by FACS, the 
percentage of apoptotic cells at 12 h postinfection 
increased to 88 and 46% for MT-4 and MT-2, 
respectively. The number of apoptotic cells in the 
infected population is higher than the number of VSV- 
positive cells, suggesting that apoptosis may occur 
through both direct virus-mediated cytolysis and indir- 
ect mechanisms involving the release of proapoptotic 
cytokines. 

To address the mechanism of VSV killing in HTLV-l- 
transformed cells, caspase activation and substrate 
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cleavage was assessed in MT-4 cells (Woo et al., 1998; 
Wolf and Green, 1999). As shown in Figure 2a, 
immunoblot analysis using anti-VSV antiserum revealed 
significant VSV replication, with VSV G and N protein 
expression observed as early as 2h postinfection 
(Figure 2a, lane 4). Concomitant with viral replication, 
VSV infection for 4h was sufficient to cleave procas- 
pase-3 to its enzymatically active p20 and pl7 subunits 
(Figure 2a, lane 5). The enzymatic activity of caspase-3 
in VSV-infected cells was further monitored by immuno- 
blot analysis of two caspase-3 substrates, the Rho-GDI, 
and the DFF45 (Na et al, 1996; Wolf et al, 1999). 
Both substrates were processed in a time -dependent 
manner beginning at 4 h postinfection (Figure 2a, lanes 
5-9). Furthermore, the use of two broad-spectrum 



caspase-3 inhibitors - zVAD and DEVD - significantly 
delayed the onset of VSV-induced caspase-3 activation 
and Rho-GDI processing in MT-4 cells (Figure 2b); the 
19 and 17kDa forms of cleaved caspase-3 were weakly 
detectable at 10 h postinfection in the presence of 
DEVD (Figure 2b, lanes 8 and 9), while in the presence 
of zVAD, cleaved caspase-3 was barely detected at 
6-12 h (Figure 2b, lanes 13-16). In the presence of both 
inhibitors, the majority of the 32kDa procaspase-3 
remained uncleaved (Figure 2b). Rho-GDI cleavage in 
the presence of both inhibitors was also significantly 
delayed (Figure 2b, lanes 5-8 and 13-16). There was in 
contrast only a slight delay in the kinetics of VSV 
replication in the presence of DEVD or zVAD, with 
VSV G and N protein expression observed at 4h 
postinfection (Figure 2b, lanes 4, 11, and 12). Collec- 
tively, these data demonstrate that HTLV-1 -trans- 
formed T cells are permissive for VSV replication, 
which in turn induces rapid caspase-dependent oncolysis 
of infected cells. 
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Figure 2 Caspase-dependent cell death in VSV-infected HTLV-1- 
transformed cells, (a) At the indicated times post-VSV infection 
(MOI of 1 PFU/cell), the kinetics of caspase-3 activation, Rho- 
GDI and DFF45 substrate cleavage, and VSV G and N protein 
expression were assessed in 20 jig of whole-cell lysates using SDS- 
PAGE and immunoblot analysis with /i-actin as a loading control. 
Similar results were gathered from three independent experiments, 
(b) Caspase inhibitors zVAD and DEVD (100 /im final) were added 
to MT-4 cells 20min prior to VSV infection and at different times 
postinfection cell lysates were analysed for caspase-3 activation, 
Rho-GDI and DFF45 substrate cleavage, and VSV G and N 
protein expression, as above. 



VSV replicates and induces rapid cell death in primary 
ATL cells 

To investigate the ex vivo responses of primary ATL 
cells to VSV infection, PBMCs were obtained from four 
patients with acute ATL disease; samples were collected 
at the time of diagnosis before chemotherapy. The 
survival time of ATL-1, -2, -3, and -4 patients were 40 
days, 30 days, > 9 months, and 14 months, respectively. 
Hematological analysis revealed that PBMCs from 
ATL-1, -2, -3, and -4 patients contained substantial 
leukemic cells: 79, 39, 77, and 40% atypical lympho- 
cytes, respectively (Table 1). Following Ficoll purifi- 
cation and culture, the percentage of CD4 + CD8- 
CD25+ T leukemic cells ranged between 76 and 89%. 
In parallel, PBMCs were collected from two patients 
with HAM/TSP, and a healthy volunteer (naive PBMC) 
(Table 1). Cells (ATL, HAM/TSP, and normal PBMC) 
were mock infected or infected with the rVSV-GFP 
(MOI of 1.0 PFU/cell) for various times and the level 
of GFP expression (as a measure of virus replication) 
was examined by flow cytometry. GFP-expressing cells 
(10-15%) were detected in all ATL samples beginning 
at 24 h and the percentage of GFP-positive cells 
increased in a time -dependent manner (30^0% at 
72 h) (Figure 3a, and data not shown). On the other 
hand, no increase in GFP expression was detected in 
HAM/TSP or naive PBMC even after 72 h of VSV 
infection (Figure 3a), illustrating the permissiveness of 
VSV in ATL cells. VSV induced dramatic cell death 
(>50% at 24 h and >70% at 72 h) only in ATL cells 
but not in HAM/TSP or naive PBMC (Figure 3b). In 
parallel, immunoblot analysis from ATL-infected cells 
clearly revealed time -dependent processing of procas- 
pase-3 and Rho-GDI at 24 h postinfection, concomitant 
with viral replication (Figure 3c). High levels of 
apoptotic ATL cells at 24 and 72 h again indicates that 
cell death may be occurring through both direct virus- 
mediated and indirect apoptotic mechanisms. 
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Table 1 Clinical and biological features of ATL patients and PBMC death following ex vivo infection with VSV 



Patient 


Sex 


Age 


Type of leukemia 


Survival 


Chemotherapy 


Circulating leukemic 


Increase in % 
















cells (%) 




















cells at 48 h in VSV- 


















fected PBMCs 


ATL-1 


M 


39 


ATL (acu 




40 days 


Untreated 


79 


55 


ATL-2 


F 


51 


ATL (acute form) 


30 days 


Untreated 


39 


50 


ATL- 3 


F 


60 


ATL (acute form) 


> 9 months 


Untreated 


77 


56 


ATL-4 


M 


41 


ATL (acu 




14 months 


Untreated 


40 


62 


CLL-1 


M 


60 


B-CLL 




> 10 years 


Chlorambucil 


90 


0 


CLL-2 


M 


83 


B-CLL 




> 10 years 


Chlorambucil 




6 


CLL-3 


F 


87 


B-CLL 






Untreated 


72 




CLL-4 


M 


85 


T-CLL 






Untreated 


75 


7 


HAM/TSP-1 


M 














13 


HAM/TSP-2 


F 


69 














Healthy control 


M 


42 












6 



At 48 h postinfection, mock- and VSV-infected cells were analysed for annexin V staining by flow cytometry. The VSV-induced cell death was 
estimated by the difference between the percentages of annexin V-positive cells in the VSV- and mock-infected samples. Data from CLL, HAM/ 
TSP and healthy controls are indicated. 



VSV replicates and induces cell death in CLL cell lines 
but not in primary CLL lymphocytes 
To investigate the specificity of VSV oncolysis, the 
ability of VSV to replicate and lyse two other leukemic 
lines, 1-83 (Epstein-Barr virus-transformed B-CLL) and 
WSU (Epstein-Barr virus-negative B-CLL) cell lines, 
was evaluated. Similar to HTLV-1 -infected cell lines, 
almost no viable 1-83 or WSU cells were detected 48 h 
post-VSV infection (Figure 4a). As shown in Figure 4b, 
both 1-83 and WSU were GFP positive ( > 70 and 40%, 
respectively) at 24 h after rVSV-GFP infection. The 
time -dependent induction of cell death was confirmed by 
annexin V and 7-AAD staining in infected but not 
control cells, and revealed extensive cell death (60 and 
76%, respectively) as early as 16 h postinfection 
(Figure 4c). VSV replication was then assessed in 
primary cells from three B-CLL and one T-CLL 
patients, with the samples containing more than 60% 
leukemic cells. In contrast to 1-83 and WSU cell lines, 
primary CLL cells infected ex vivo under similar 
conditions were not permissive to VSV replication 
(Figure 4d). Furthermore, VSV infection of primary 
CLL cells showed no increase in cell death as measured 
by annexin V staining (Table 1), although these CLL 
samples were efficiently killed by chlorambucil, etopo- 
side or campthotecin (data not shown). Similar results 
were observed for primary CLL cells at an MOI as high 
as lOOPFU/cell. These data emphasize the ex vivo 
specificity of VSV oncolytic activity in primary ATL but 
not primary CLL cells. 

Activation of CD4 T-lymphocytes renders them 
susceptible to VSV replication and cell death 
Previous studies have demonstrated that activation of 
the IL-2/IL-2R loop during the acute phase of HTLV-1 
infection contributes to the activation and proliferation 
of HTLV-1 -infected CD4 + CD25 + subset of ATL cells 
(Maruyama et al, 1987; Satoh et al, 2002). Thus, we 
next examined the effect of cell activation on VSV 



permissiveness and cytolytic activity. CD4 + T-lympho- 
cytes were mock activated or activated with anti-CD3/ 
CD28 (5 j/g/ml) and IL-2 (70 U/ml) for 24 h, followed by 
infection with VSV (MOI of l.OPFU/cell) for different 
time intervals. The activation status of CD4 + T cells 
was first analysed by flow cytometry against CD25 and 
CD 69 activation markers at the time of VSV infection 
(Figure 5a). VSV infection of anti-CD3/CD28-activated 
primary CD4+ T cells resulted in VSV replication 
(Figure 5c, right panel) compared to nonstimulated cells 
(Figure 5c, left panel), indicating a relationship between 
T-cell activation status and VSV replication. Further- 
more, VSV replication in anti-CD3/CD28-activated, 
CD4+ lymphocytes resulted in significant cell death 
by 48 h postinfection with more than 50% of the cells in 
the sub-G fraction, whereas in unstimulated primary 
CD4+ T cells, the sub-G fraction was only 7%. 
Treatment with anti-CD3/CD28 or VSV alone modestly 
increased the sub-G proportion to 15% (Figure 5b). In 
another experiment, PMA treatment of CD4 + T cells 
induced significantly higher levels of cell activation 
compared to anti-CD3/CD28 stimulation (CD69 posi- 
tivity ~99 versus ~33%, respectively) and was accom- 
panied by extensive VSV replication and cell death (data 
not shown). 



ATL cells are more permissive to VSV replication than 
activated CD4 T-lymphocytes 

Next, the replicative capacity of VSV was examined in 
ATL cells versus CD4 T-lymphocytes activated to 
similar levels. For this purpose, anti-CD3/CD28 was 
used to optimize the intensity of T-cell activation, using 
an ATL sample that was 86% CD4 + , and a primary T- 
lymphocyte sample that was 96% CD4 + . Activation of 
CD4+ T cells with anti-CD3/CD28 increased the CD25 
expression level (~32% with 2.5/ig/ml of anti-CD3 and 
~38% with 5/ig/ml of anti-CD3) comparable to the 
CD25 level detected for ATL cells, 46% (Figure 6a). 
Following VSV infection for 24 and 48 h, immunoblot 
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analysis demonstrated that VSV replication in activated 
CD4 + T-lymphocytes was time dependent and directly 
related to the intensity of cell activation (Figure 6b). 
Nevertheless, ATL cells showed fourfold higher levels of 
viral G and N proteins at 24 h after infection compared 
to activated CD4+ T cells under similar conditions, 
indicating that ATL leukemic cells were more permissive 
to VSV than activated, primary T-lymphocytes. 

To further evaluate T-cell activation and VSV 
permissiveness, anti-CD3 and anti-CD28 were used 
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separately to stimulate the CD4+ T-cell population 
(Figure 6c). Clearly, CD 3 stimulation of the CD3 
pathway was sufficient to render T cells permissive to 
VSV replication (Figure 6c, lanes 3 and 4), whereas 
stimulation of the CD28 pathway had little effect on the 
capacity of the T-cell population to support VSV 
replication (Figure 6c, lanes 5-7). As expected, the 
combination of CD3/CD28 rendered CD4+ T cells 
permissiveness for VSV replication, but with minimal 
additive effect compared to CD3 stimulation alone 
(Figure 6c, compare lanes 3 and 4 with lanes 9 and 10). 
In related experiments, no change in the expression of 
translational components eIF2a, B or Br (data not 
shown) was observed, as described previously (Bala- 
chandran and Barber, 2004). Thus, a critical component 
of the ability of VSV to replicate in CD4+ T- 
lymphocytes is the stimulation of the TCR/CD3 
activation pathway. 



Discussion 

Oncolytic viruses provide an attractive potential cancer 
therapeutic because of their ability to replicate selec- 
tively within tumor but not normal cells. Several 
oncolytic viruses have demonstrated promising results 
in preclinical and early clinical studies (Kirn et al, 2001; 
Chiocca, 2002; Hawkins et al, 2002; Lichty et al, 2004), 
including naturally attenuated replication competent 
viruses such as reovirus (nonenveloped, double-stranded 
(ds)RNA), parvoviruses (nonenveloped, single-stranded 
DNA), Newcastle disease virus, measles virus, and VSV 
(Gromeier and Wimmer, 2001; Kirn et al, 2001; 
Norman et al, 2001; Bell et al, 2002; Hawkins et al, 
2002). The present study provides the first conclusive 
evidence that VSV can replicate selectively in and cause 
extensive caspase-dependent oncolysis of primary ex 
vivo ATL cells. Importantly, VSV infection did not 
induce cell death in naive primary CD4+ T-lympho- 
cytes from healthy volunteers or in PBMCs from 
patients with HAM/TSP. 

VSV specifically replicates in tumor cells due to the 
attenuation of the antiviral IFN response, a phenotype 
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Figure 3 VSV oncolysis of primary ATL cells, (a) Kinetics of VSV 
replication in ATL cells. ATL, HAM/TSP, and normal PBMC 
were isolated as described in Materials and methods. Cells were 
mock infected or infected (MOI of 1 PFU/cell) with rVSV-GFP 
recombinant virus. At the indicated times, cells were analysed for 
VSV replication by flow cytometry. The full histogram represents 
GFP expression in mock-infected cells. The empty histogram 
represents GFP expression in VSV-infected cells, (b) Induction of 
cell death in ATL cells. At 24 and 72 h postinfection, mock- and 
VSV-GFP-infected cells were analysed for annexin V staining by 
flow cytometry. The full histogram represents mock-infected cells. 
The empty histogram represents VSV-GFP-infected cells, (c) 
Kinetics of caspase-3 activation and VSV replication in ATL cells. 
At the indicated times postinfection, caspase-3 activation, Rho- 
GDI processing, and VSV replication were detected in 20 /ig of 
whole-cell lysates by SDS-PAGE and immunoblot analysis, with 
/i-actin as a loading control. Similar results were gathered from 
four patient samples. 




VSV-CII' 
B-CLL T-CLL 



■4 



-A_ i/L 

AnnexinV k. 

VSV-GFP 

Figure 4 VSV replication in CLL cells, (a) Kinetics of VSV- 
induced cell death in 1-83 and WSU CLL cell lines. Cells were mock 
infected or infected (MOI of 1 PFU/cell) with VSV-HR strain for 
the indicated times. Cells were stained with acridine orange and 
ethidium bromide, and viable cells were counted by fluorescence 
microscopy. (■) 1-83; (□) 1-83+ VSV; (A) WSU; and (A) 
WSU + VSV. (b) VSV replication in 1-83 and WSU B-CLL cell 
lines, (b) At the indicated times postinfection, cultures were 
evaluated for VSV replication by flow cytometry. The full 
histogram represents GFP expression in mock-infected cells. The 
empty histogram represents GFP expression in VSV-infected cells, 
(c) Kinetics of VSV-induced cell death in 1-83 and WSU cell lines. 
At the indicated times, apoptosis was measured using annexin V/7- 
AAD staining by flow cytometry, (d) VSV infection in primary 
CLL lymphocytes. B-CLL and T-CLL PBMC were isolated as 
described in Materials and methods. At the indicated times 
postinfection, cultures were evaluated for VSV replication by flow 
cytometry. The full histogram represents GFP expression in mock- 
infected cells and the empty histogram represents GFP expression 
in VSV-infected cells. 



that frequently arises during tumor evolution (Linge 
et al., 1995; Sun et al, 1998; Matin et al, 2001). The 
induction of type I IFN-a//? is a potent host defense 
mechanism against viral infection, and many viruses 
have evolved strategies to overcome the antiviral effects 
of this cytokine. However, VSV is extremely sensitive to 
the antiviral actions of IFN (Belkowski and Sen, 1987); 
hence, VSV infection in humans is asymptomatic in 
most cases or results in a mild febrile illness. In contrast, 
mice harboring a defective IFN system are highly 
sensitive to normally harmless exposure of VSV (Muller 
et al, 1994; Durbin et al, 1996). Stojdl et al. (2003) 



demonstrated recently that 80% of the NCI 60 cell line 
collection (Weinstein et al., 1997) is permissive for VSV 
infection. Indeed, most of these cells were found to 
have impaired responses to either IFN-a or IFN-/? 
(Stojdl et al, 2003). In the context of the present study, 
we observed that IFN production in ATL cells is 
defective compared to primary T cells (S Oliere et al., 
unpublished) and experiments are underway to examine 
the relationship between IFN induction and VSV 
replication. 

Subsequent biochemical analysis provided evidence 
that translation control downstream of PKR activation, 
frequently dysregulated in many transformed cells, can 
cooperate with the attenuated IFN antiviral activity to 
facilitate VSV oncolysis (Balachandran and Barber, 
2004). Elevated levels of eIF2Bs are required for 
increased permissiveness of transformed cells to VSV 
replication. Cells transfected with siRNA against eIF2B 
were almost completely protected against VSV-induced 
cytolysis and produced 10-fold lower yield of virus than 
control cells (Balachandran and Barber, 2004). In the 
present study, no evidence of changes in the expression 
of eIF2B was obtained in resting or activated CD4 + 
T-lymphocytes, suggesting that alternative mechanisms 
may be operative in the T-cell context. In this regard, 
triggering the TCR/CD3 activation pathway was 
sufficient to render normal CD4+ T-lymphocytes 
permissive for VSV replication. This preliminary ob- 
servation suggests that dissection of the CD3 pathway 
may identify critical downstream regulators of VSV 
replication and/or susceptibility to oncolysis. Since 
activation of Ras/Raf signaling is downstream of CD3 
activation, the possibility exists that activated Ras may 
be required for VSV oncolysis, as previously demon- 
strated for Reovirus-induced oncolysis (reviewed in 
Norman et al, 2001). 

Interestingly, nonleukemic cells from patients with 
HAM/TSP were resistant to VSV infection. Since 
HAM/TSP cells are known to spontaneously proliferate 
in vitro (Cavrois et al, 1996; Mortreux et al, 2003), an 
important caveat to consider in the interpretation of the 
present results is that the HTLV-1 -infected subpopula- 
tion (1-5%) within the HAM/TSP PBMC samples may 
in fact be susceptible to VSV oncolysis. It is well 
documented that HTLV-1 infection, and specifically the 
viral Tax oncoprotein, leads to T-cell activation via an 
IL-2/IL-2 receptor autocrine loop, as well as induction 
of the NF-kB and CREB pathways (Yoshida, 2001; 
Franchini et al, 2003); activation of these Tax-mediated 
pathways may also influence the susceptibility of the 
HTLV-1 -infected subpopulation in HAM/TSP to VSV 
infection. It will be of interest to determine the 
differential sensitivities of the HTLV-1 -infected and 
-uninfected compartments in HAM/TSP. 

Programmed cell death represents the convergence of 
multiple apoptotic pathways from numerous distinct 
initiating events and insults (Eastman and Rigas, 1999; 
Nguyen and Wells, 2003). While many of the details of 
direct and indirect mechanisms of VSV-induced apop- 
tosis remain to be determined, the role of viral 
replication in VSV oncolysis is also controversial. It 
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Figure 5 VSV-induced oncolysis in activated CD4 T-lymphocytes. Isolated CD4+ T-lymphocytes were incubated with anti-CD3/ 
anti-CD28/IL-2 or PMA for 24 h. (a) Expression of CD25 and CD69 activation markers were assessed by flow cytometry at the time of 
VSV infection to determine the CD4+ T-lymphocyte activation status, (b) Activated and nonactivated CD4+ lymphocytes were 
mock infected or infected (MOI of 1 PFU/cell) with VSV-HR strain for the indicated times postinfection. Apoptosis was determined by 
quantification of the sub-G 0 population (1 x 10" cells/measurement), (c) Kinetics of VSV replication and Rho-GDI processing in 
activated and nonactivated CD4 + T-lymphocytes. VSV replication and Rho-GDI processing were detected in 20 /ig of whole-cell 
lysates by SDS-PAGE and immunoblot analysis, with /i-actin as a loading control. 



has been reported that VSV-induced cell death occurs at 
early stages after infection, and requires viral particle 
internalization and uncoating, but not viral replication 
or de novo viral protein synthesis (Gadaleta et al, 2002). 
In contrast, other studies demonstrated that VSV- 
induced apoptosis correlates with viral protein expres- 
sion, and that activation of caspase-3-like proteases was 
required for VSV-induced apoptosis but not viral 
replication (Hobbs et al, 2001, 2003). In addition, 
VSV matrix M protein has been shown to inhibit host 
cell gene expression and nuclear export of host mRNA 
via an association between M protein and Nup98, a host 



nuclear pore protein, with subsequent induction of 
apoptosis (Kopecky et al., 2001; Desforges et al., 2002; 
Kopecky and Lyles, 2003). The present results in 
HTLV-1 -transformed MT-4 cells and in primary ATL 
demonstrate that VSV-induced apoptosis correlated 
with VSV replication, and that caspase-3 activation 
and subsequent apoptotic events involving Rho-GDI 
cleavage and DFF45 processing occurred only following 
VSV replication. Nonetheless, both direct virus- 
mediated apoptotic mechanisms and indirect mechan- 
isms involving proapoptotic cytokine release may be 
involved in ATL killing by VSV. 
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Figure 6 Enhanced VSV replication in ATL versus activated CD4 
T-lymphocytes. (a) Activation of CD4 T-lymphocytes. Purified 
isolated CD4 T-lymphocytes were incubated with 2.5 or 5.0/ig/ml 
of anti-CD3 plus anti-CD28/IL-2 for 24 h and CD25 expression 
levels were assessed by flow cytometry at 24 h after treatment, (b) 
Kinetics of VSV replication in CD4 and ATL lymphocytes. 
Activated CD4 lymphocytes and ATL cells were mock infected 
or infected (VSV-HR, MOI of 1 PFU/cell), and at the indicated 
times postinfection, total cell lysates were prepared and VSV G and 
N protein expression was analysed in 20 jig of total cell lysates by 
SDS-PAGE and immunoblot analysis, (c) CD3 activation of 
CD4+ T-lymphocytes. Purified isolated CD4+ T-lymphocytes 
were incubated with 5.0 /ig/ml of anti-CD3 monoclonal antibody or 
anti-CD28 monoclonal antibody for 24 h and then infected with 
VSV at an MOI of 1 PFU/cell. At the indicated times postinfection, 
total cell lysates were prepared and VSV G and N protein 
expression was analysed in 20 jig of total cell lysates by SDS- 
PAGE and immunoblot analysis with /i-actin as a loading control. 



Based on the discrepancies between VSV killing of 
established hematopoietic cells and primary leukemic 
cells documented in the present study, the oncolytic 



activity of VSV in immortalized cell lines may not 
systematically reflect VSV killing in their primary cancer 
counterparts, thus underscoring the need to assess the 
sensitivity of primary cancer cells to virotherapy. While 
CLL cell lines were permissive for viral replication, 
primary CLL cells were resistant to VSV replication and 
subsequent cell death. This discrepancy in VSV onco- 
lysis may be due to the fact that CLL cells do not 
proliferate but remain in G 0 ex vivo (Meinhardt et al, 
1999; Caligaris-Cappio, 2003). That VSV oncolysis may 
be linked to the state of cell growth or activation was 
addressed in primary T cells by demonstrating that 
TCR/CD3 activation enhanced permissiveness to VSV 
replication. It should be noted, however, that even in 
activated T cells, viral replication was about fourfold 
higher in ATL cells than in activated CD4 cells, further 
supporting the idea that VSV replication may be 
influenced by genetic defects unique to tumor cells, 
including deficiencies in antiviral IFN-oc//? and p53 
signaling pathways (Stojdl et al., 2000, 2003; Takaoka 
et al., 2003). Thus, p53 dysfunction, myc overexpression, 
or pl6 INK4a inactivation in ATL cells (Yoshida, 2001; 
Matsuoka, 2003) could increase the susceptibility of 
ATL cells to VSV and other oncolytic viruses (Bala- 
chandran et al, 2001; Chiocca, 2002). 

Although we provide information on the ex vivo 
oncolytic potential of VSV in primary ATL cells, we 
cannot predict the oncolytic efficiency of VSV in vivo 
before the onset of potentially neutralizing antibody 
response. Interestingly, naturally occurring VSV var- 
iants with a mutated matrix protein unable to block the 
IFN production in infected cells have been shown to 
retain oncolytic activity in a variety of in vivo models 
(Stojdl et al, 2003). The possibility to enhance the 
oncolytic activity of VSV using genetic engineering to 
insert immunomodulatory or suicide cassettes has also 
been demonstrated both in vitro and in vivo models 
(Fernandez et al, 2002). These findings further highlight 
the potential of VSV in cancer virotherapy and 
emphasize the importance of future investigations in 
primary ex vivo tumor cells. 
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Cancer Drug Development 
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Identification and Screening ot^\vAgenTs 



More than H\e decades of research effort in cancer drug clis- 
co\erv and development have provided appi oximately six 
dozen approved pioducts tor the treatment of malignancy 1 - 
Although major advances liave been made in the i hemolhera- 
pcutic management of some patients, particularly in hemato- 
logic malignancies, one-half of all cancel patients cither do not 
respond to theiapv or relapse from the initial response and 
ultimate!* die tnun their metastatic disease. Thus, the contin- 
ued commitment to the arduous task of discoveimg new can- 
cel rheiapeuuc agents remains critically important. 1 Many of 
the existing antineoplastic agents shaie a common mechanism 
of action. Can lent reseaich eJforts are more diverse than evei, 
being drum by explosive discoveries in molecular biology and 
related areas to lull) elucidate the development ot the malig- 
nant process (e.g., factors controlling tumor angiogenesis and 
metastatic potential). The hope fm improvement in treatment 
outcome foi most patients with metastatic disease resides in 
continued research designed to disc over novel theiapeutic 
products that exploit differences in molecular targets between 
normal and tumor cells and to use them in combination with 
biologic agents and immune therapies to eradicate systemic 
disease not curable hv surgery or irradiation. 

Beyond the intellectual challenge of drug discovery, formida- 
ble etfoit, time, and expense are required tor die complex devel- 
opment processes that move a new agent from discovery to its 
ultimate approval for use in the treatment of malignancy. Numei- 
ous pitfalls may threaten the progress ot a promising agent (e.g., 
exc essive earl}' ioxlcitv. ineffective i oute or schedule of administra- 
tion, inappropriate fonmrialion, long-term unpiedictecl toxicities, 
and delavs in the execution of clinical trials). Although the time 
to drug approval for the treatment of cancer has varied consid- 
erably, depending on the specific agent (e.g., b to 12 years 
from the time of imtration of clinical trials) , effoi ts are being 
made to expedite both the preclinical and clinical components 
of investigation In other areas of medicine, the time to 
develop specific dings mav be equally lung and difficult. How- 
ever, the potentially fatal consequences of unsuccessful tieat- 
ment of this disease continue to impart urgent) in the 
discovery and development of novel anticancer agents. 



DRUG DISCOVERY 

HOW DRUGS ARE DISCOVERED 

This section considers strategies Tor identifying new chemical 
entities, whether they lie synthesized chemicals or com- 
pounds extracted or derived from plant, miciobial, and 
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marine animal soma es The paiallel process tor disnnery and 
development ot" biologic agents is discussed elsewhere in this 
text. (See Chapter 18. J 

In establishing a prog, am for drug discovery canter 
researchers must address two fundamental questions: What 
screening system should be used to detect a compound of mter- 
est, J What compounds should be tested m this system?* The 
answers to these questions determine whether the reseaich 
effort is empiric, with Tew pi econceived notions about where to 
search for compounds and what to use as the screen, or whether 
it lucuses on a specific biologic target, such as an oncogene, and 
tests a sperific set of materials, such as natural pioducts and 
rationally synthesized inhibitors of a target enzyme. The history 
of cancer drug discovery i effects an evolution from highly 
empiric approaches, based on testing of randomly selei ted com- 
pounds against rapidl) proliferating murine leukemia, io the 
current, more for used testing of natuial products, uUionaliy syn- 
thesized agents, and biologic products against wcll-characten/ed 
tumoi cell lines or molecular targets. Even m its earliest days, 
however, cancer drug discovery am acted scientists who hail a 
theoretical basis for testing reitain types of compounds. Pethaps 
the two best examples are the antifolates. initially tested by Fai- 
bei et al.. 1 and the Quoropvriimdines syndic-sized by Heidel- 
beigei and colleagues' (see Chaptei 1'J 5). 

The story of the discovery of antifolates is particularly instruc- 
tive because it illustrates the important interplay between cancer 
biology and chug discovery. The earliest uses of an anritulatc .is a 
chemotheiapetitic agent resulted from the astute obsei vations 
of Father and associates,' who observed an acceleration of the 
leukemic pine ess in patients being treated with folic acid. A 
series of folic acid antagonists were provided to Kaiber and col- 
leagues by the medicinal chemists at Lederle Laboratories 
M though stniciure-aahiry relations of antifolates and the 
nitiarellular target of these compounds were unknown at that 
time, it was clear from laboiatory studies that modified folates 
could inhihit tumoi , ell growth The initial clinical trial 
imoked the administration ot ptcroylospartic acid (an ana- 
logue of folic acid, or plerovlglutamate) to a moribund patient 
with progressive acute myelogenous leukemia, which resulted 
tn a maikedh hypocellular bone maiiow without aetuallv pro- 
ducing rlinical benefit. The investigators were sufficiently 
encouraged, however, to administer a moie powerful folic acid 
antagonist, ammoptenn {2,-ediaminopterovlglutamate), to 
children with ,id\ariccd stages of acute leukemia. Substitution 
of an amino group at the 4 position of the tolate pteridine ting 
created a tight-binding inhibitor of dihydtofolate reductase 
and vielded chugs with the potential to induce remissions. 
Approximately 10 of the fust 16 patients treated with ammop- 
terin demonstrated evidence of hematologic and clinical 
improvement. These early clinical experiences provided the 
foundation for medicinal chemists to synthesize a number of 
agents with stiuctural similarities to naturally occurring folates 
iVforeovei, these studies revealed that various substitutions 
resulted m different sites of action, in addition to inhibuion of 
dihydrofoiate reductase (Fig. 19.2-1) 

From these relatively primitive beginnings, rational design 
efforts have progressed to the use of computer modeling ot 
drug-enzyme interactions as the basis lor cancer drug discov- 
ery. Advances in x-ray crvstallographic and nucleai magnetic 
resonance structural characterization of ligands and their tar- 
get molecules have significantly enhanced the potential toi 
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1 animal desiqn and as is descnbed latti (see the section 
Mokcuhu-Taigeted Su et mug) sutli rcsedTth effoits die nun 
beginning to ideiiufv efftcme small inokiuks with efficacy 
agamst \anous human nialignanri< s SunmetiK inhibitors ot 
the piotcast of human lmmunockficn nry uius ivpe 1 that 
WfTf designed un the basis of the thi ee-dimc nsional sumyu liv 
of llu artivi m/vmc sue are ctn i tilth in clinit.il list thusdtm 
onsnaung the ft asi hi] id, and mei it of such an approach. 1 

In most tunent diug discoven effoits the lational and 
tmpnit appioaihes aie being tombinrri Lead compounds ,uc 
identified as mhihitois toi moleculai taigets tbiougb mnltculai 
sciecmng Tlic lead ((impound can then he modified oi 
enhanced h\ tlumiial analogue svnthesis based on a \ alien ol 
ronsideiatioiis miludmg a details <i stud\ of tait;et-mhibito! 
mteiicuon The complete chataita i/ation of the taigel and us 
inteijt tion vuth the lead agent piowdis the basis foi enhancing 
drug-taiget mleiaction A. ki\ dicision m this appioaib is tin 
sclecnon of a suitable tai<jet that is hkch to ha\e an mipait on 
clinical onto >mi ItnAme t;itmth iactoi nicptoi oi oncogene 
piodurti riu next challenge is the dcu lopnu nt of an appio 
pnau- and pi.w Ural assav to idf nrifv the actual lead agents. 



ingly has 



Although early efforts in cancer drug discover}' 
agents either from the broad universe oi synthetic chemi 
from a more targeted rational effoir, attention mcrcas- 
focused on natural products as an important, untapped source 
of promising lead compounds with unique sites of anion as 
antineoplastic dmgs. s The enormous diversity and complexity 
of chemical entities that have evolved lis part of nature's chemi- 
cal warfare cannot be readily duplicated by compounds sxntbe- 
sized in the laboratory and be made available for scieening. 
However, the technological advances _in combinatorial 
approaches for synthesizing large numbers of complex sub- 
plastic agents. ''' ,fi Combinatorial chemistry can provide wo 
different kinds of libraries that can then be used for further 
drug development. 11 " 1 -' The first is a geneik binary, which is 
used to discovei a novel structural motif or feature that pos- 
sesses a certain biologic activity. The goal of such an unbiased 
library is to identity a completely no\el lead compound, Tht 
second type is a focused, biased libraiy (hat serves to fine-tune 
the pTopeities and biologic, activity ot an existing lead com- 
pound In this case, the objective is to identify new lead com- 
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pounds based on knovm structures di.it have alieadv pun™ to 
be biologically active. 

Vpproximateh 3(K of the niiuuA effective antineoplastic 
-agouti art fium natuial sources ui air derivatives of a natural 
product lead. 14 Ceirun themes am through the eifoits to dis 
cc,ei and develop natuial piodiuts Active lompuunds often 
have extccdinglv complex structures that complicate efforts at 
tciilsvri thesis Pioblrmsoisupph and dependence onanatuial 
resource, theretore, must be anticipate d Structure-ac mih rela- 
tions aie dilhi.uk to elucidate because ot the basic pioblems pie- 
ser ted In the unusual cbcrmsti} of these < (impounds and hs the 
n.tiplf Jural temeis m these molecules (Fit, 1^1 2 2). How- 
ever, the ovei all < ontnbunon of these e omplev r henucal entities 
to die management ol p itients has be en cxtiemelv Raiding 

Vniong the natuial pioducLS, microbial antibiotics have 
been the most irapwunt som i e of cytotoxic jgrms \ s a result 
ol Lie gitat advances in the held ol rmciobiologv dining the 
hi-')s and the dawn ot effective intrbiotic thcrapv potent anti- 
cancer dings weie sought m feimentanon bioths obtained 
frcn soil rmerobes including bacteua, tungi and iclated 
oi» msms The discoveries ol the aennomvems, anthracvclnirs, 
xronncm, deoxv color mum, and other agents have contrrb- 
uiftl valuable new entities to the repositon ol effective antme- 
apastic agents Natuial pioduct drug discovers however, must 
he complemented bv efforts to imprme leads thiough chemr- 
c;t modification and analogue synthesis The discover, and 
subsequent clinical development of anthracuhnes highlights 
the :>eed foi tile close mterplav of rhenustn brologv, and r hm- 
ol p-iarmatologv in pmducing impioved anticam ei agents 
■'' Ikainorubicm, isoLtttdfiom a colony ot 1ty,fu>myit\m 1957 
t-vrnuialh Wcl s demonstiated to have significant antileukemic 
^t~..\y m patients, 1 ' Additional research to induce mutant 
sit ns ot the fungus Sl,rptom\c, s resulted m the isolation of 
coxumbicm -Uthough the different e between these two 
ar -!n teve lines is limited chemically to a single h\dioxvl gioup 
a ; na ktd difleience exists m tht n spectium of antitumor actrv- 
n 'Vorubiem has been more effective than daunoiubicm m 
•je L.;atment ol metastatic solid tumois uid saieoma.s The 
, ai ■ 1 toxI< in associated with the chiomr administration ol 
- ot ' diese agents howevei has pi traded impetus to design a 
Ile * ,;cntiatn»n of itithiacvcline analogues The long-teim 
^^sment ol clinical outcome for children successfully tieated 
^ Jrahgiunev ftltthei substantiates the Concerns reading 
^'"■icvdme-niduted caidiotoxicitv None ol these anthracv 
lru ' dialogues is devoid of caithat tovticrtv, but i losely (elaied 
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molecules mav have sigmheaut advantages Foi Cvample the 
amhraqiunones (eg, imtoxantione , demonstiate less , ai 
diotoxicitv and have lemission-mducmu ictivity in anue non- 
hmphocvnr leukemia 1 " Thus m modifvmg the chemical 
structure of a natmal ptuduct m an attempt to enhanc t Us 
therapeutic sc-lec tint} the svnthctiL o. n an„ , hemist plavs i 
etitic il iolr m this process of duig cleveloptnent 
t Natuial pioduct teseatch has ; iclded otht j effective antmc 

oplastic dmgs Although most of these agents have been identi- 
fied in lei mentation bioths ,,f miciobnl organisms, plants also 
hai e pnmdcd a numbe, ol ictive antineoplastic agents One ol 
the t u best plant-denved drugs lesulred horn a chance obsei- 
\ation fn the l'J50s, Noble and c olleagucs' <, v\ei t mvestioatme 
uiteiesting olant extiaUs usr.i bv puminvt peoples ^ This 
ittrmpt to take advanU;gt of tubal medic afions pnmanh natu- 
ral pr f) ducLs lepiesenttd an carlv c-ntiee into the cL-ciphne 
known, as dhnophammcology. 

1 he leaves of the ]amaic in peiiwmkle plant, Vinia /oj.vj wcie 
used to make a ica that was tcporttd to bt of benefit ,n dube 
res lK Dunng the initial animal investigations the cxtiactoi these 
ka\ f s wa.s idminisleted oialh to both uUs and labbits without 
am observed efket on blood s„g al levels Subsc cpient adminis- 
tiatton ot the acjiifons extiart ol the periwinkle plant bv inj< c 
tion to lats had a di unatic lethal effect within a ueek 
Postmottem examination of the animals demonstiated that the 
lats had died of sepsis i elated to bone mairow suppression lsc^ 
lanon and chemical chatacten/atiou of the lespousible chemi- 
ral tactoiswete accompttsheri using i b l( )assav -guided appioach 
tie , gianulocvtopenia m the tieated animals) tor ideiuihmg 
the effective , omponent ol this aqueous e\tiact of the- plant 
The compound was dtttrmined to be an oiganie base and sub- 
sequendv wis called v:n, uh ukoblmtmr This agent demonstiated 
caicmostatic activity against both a tiansplanted murine mam 
man adenoc ai cinoma and a lat-ttamplantcci sauoina ls The 
me. nanism ol action He inhibition ol mic rotubuU lonnauon) 
proved to be unique and piondt cl the basis toi an cntueh nciv 
aieanliesoaich toi Lancci drug development 

In contrast to using the complicated biolog lr LnL { pmnt oJ - 
the penpheial blood gianuiocvte countiiom an intact animal, 
simple and mc.ie lapid sneens (eg, molecular target-based o," 
in wfjw.ell tvtotoxicih assavsi cunenth ait used to guide hae- 
tionatton of extracts foi isolation and charac tei i/ation of active 
components Aftei final chemical identihe ation of the pLmt- 
denved chemical antineoplastic entttv, validation of antitumoi 
aitmtv m an i/t vivn tumoi model is still lequued buffinent 
supplies of the active agents isolated hum natuial pioduct 
somees aie needed to conduct adequate w two conhimaton 
studies \dequite supph ivas a pioblem with the pcimmUe 
extiart in its eaih development and itiemams piobkmatir foi 
manv natuial pioduc t agents now being isolated 

Sevcial new plant denved natuial piodticti have pi oven to 
be ot extienu mte-iest m the tieatmem of cancci Taxol was iso- 
lated horn the baik of the Pacific vew tree in ll)7t |u and it has 
a unique mechanism ol antitumoi ac tivnv that involves stabili- 
zation of microtubule assembly with lesultant mhibittun ot the 
nonnal dvnanucs of miciotubule loimation This agent has a 
bioari spettmm ol intitumot actum; and it is acme against a 
numbet of human tumoi xenograft, including breast" an cei 
ovanan cancel and othci malignancies Subsequent ! Unreal 
sttrdies h.tvc conhimed the high degree of activits m patients 
with a wide range of solid tumors, including bieast, man head 
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and neck, esophagus, testes, and lung malignancies- 1 Initially, 
a majoi obstacle to defining the rule of Taxol in rancei therapy 
i elated to the difficulties encountered with ding supph. 14 
Semisynthcsis from It)-are1)l hacralin III, was eventual!) 
accomplished, and new sources of Taxol from nurseiv species 
have been identified The supply issue has now been full) 
resolved with the suet evslul iota] synthesis of this complex mol- 
ecule."-'' Moreovci. advances in the chemistry of isoserines 
and laxoiri antirancei agents have facilitated the synthesis of 
second-generation taxoiri compounds with activity against 
di ug-resistant cancer cells - 4 The histoiT of the development of 
Taxol is important because it highlights the complexities 
involved with development of" am cancer drug — namely chal- 
lenges in supply of drug, difficulties with synthesis of ding, 
issues of ding toiinulation. and obstacles associated with the 
implementation of successful c limcal studies. 

Anotliei natural pioduet that has been under investigation 
for many years, but only now foui id to have broad activity against 
\aiious human malignancies is dc-ihed fiom the bark ol Gamfi- 
tothun fMcttmhiala. a tree priced tor its mecln inal properties in 
tiadiunnal Chinese medicine -•' The Cdniplo1b.fi in derivatives 
Hie unique because they inhibit topoisomerase 1, a key enzyme 
that maintains DNA in a torsional!) relaxed state."' 1 Both topo 
tecan and CPT-ll, which are derivatives oi camptotliedn, have 
significant activity in patients with advanced malignancies, 
including coloiectal cancer, esophageal cancer, non-small cell 
and small cell lung cancel, and cervical cancer.-'^' 0 Signilicant 
efforts continue to focus on developing novel analogues of 
camptothec in with enhanced biophysical and biologic aaivitv 
VcXiiroammocamptoihccin and 9-aminoc amptothecin aic cur- 
lenllv m advanred stages of clinical testing.' 1 

Marine organisms represent a largeh unexplnied and 
untapped source of unique toxic chemicals. These loxius are 
elaborated b) sponges and other sessile saltwater organisms .is 
defenses agdmst then piedatois. Several highly potent agents 
demonstrate interesting amimmoi acmity against unique 
molecular targets m preclinical models, and sume examples 
include the bryostatins (which inhibit protein kinase C). the 
riobstatins and hahf hondiins (which bind to microtubules], 
and the timiratc '-derived ecteinascidins t which hind in thf 
ininoi groove of D\A).°- ] lJ -- 1f Although the marine environ- 
ment icpiesents an untapped potential source for interesting 
new chemical entities, certain unique problems affec t this bio- 
sphere. Scale-up procurement of bulk material from marine 
sourc es picsents a special challenge in biomass collection. The 
potency of many of these agenls ma\ ameliorate this supph 
problem, but selcctruly againsl the tumor (and not the normal 
hostl must first be demonstrated. In addition, the highly 
potent rutin al pi odui ts piesent additional challenges for clini- 
c al investigators conducting phase 1 studies For example, c lini- 
cal pharmacologic studies may be impossible if the active 
species is piesent in such low levels that detection hv even very 
sensitive analytic methods is not feasible at clinically tolerated 
doses The neb diversity ol chemical stiuctures found in nature 
provides the impetus for continued rcseaich in tins aiea. More- 
over, the use of combinatory I chemistry technology may be 
incorporated into the process once novel therapeutic leads ale 
identified from these natural products. 

G;mcer drug discovery may also result from a totally fonu- 
itous experimental observation. The disc oven' of platinum 
complexes as antiproliferative agents with lemarkable clinical 



ac tivilv demonstrates the importance of enlightened empiri- 
cism combined with dogged persistence in clinical testing and 
development. In 1965. Rosenberg-'" 7 observed that an electa ic. 
current passing through platinum electrodes could inhibit 
Ksrhrn/hifi i.oh bacterial cell division This discover)' was con- 
firmed by the subsequent testing tif platinum complexes m 
murine ruinoi model systems Cisplatin inhibited the develop- 
ment cif sarcomas, and other platinum complexes also were 
found to be effective in the preclinical models. The earh chin- 

achanced malignancies, hut the excessive initial toxicity (neph- 
rotoxicity) raised serious concern among the clinical investiga- 
tors The demonstration that adequate hydration and slum 
infusion reduce the degree of renal toxieitv permitted furthei 
evaluation of the agent The responses observed in testicular 
cancer and ovarian cancel led to approval of the drug approxi- 
mately 6 vears after the initial clinical trial. This excellent anti- 
cancer drug might have been discarded in error without the 
foresight of both preclinical and clinical investigators who were 
convinced of the drug's potenlial, weie committed to the sys- 
tematic testing of (be drag, and were clever enough to find 
ways to deal with its toxicity' Most of the antineoplastic agents 
have been discovered though empiric screening efforts or rep- 
resent chemical modifications of lead compounds discovered 
in cancer screenings. 

Screening methods can either be simple, such as a well- 
chaiaeterized cell line or a defined enzvrnatic target, or com- 
plex, such as an in vivo animal tnniot. In general, current 
efforts favor simple systems that accommodate high volumes of 
unknown compounds. The end point of the cancer screen may 
be a biologic target (e.g.. tumor cell cytotoxicity', growth inhibi- 
tion, diffeientiation ) or a hioc hemieal-molecular target that is 
known to be important for the survival of cancer cells. The 
advantages and disadvantages of each of these approaches is 
presented in Tahle 19.2-1 Both the cell line and molecular 
approach may be combined through the use of genetically 
engineered cell lines that express a specific molecular target, 

The evolution of strategics at the National Cancer institute 
(NCI) illustrates the changes in screening that have resulted 
from the advances in cancer biology and cane er genetics. The 
early NCI cancer screening efforts used murine leukemia? 
(L12I0 and P388) as the index tumors in an in imm screening 
effort. Sf> The screen identified agents that had efficarv m 
humans in the treatment of leukemias and Ivmphoprohferative 
malignancies, sm h as hydroxyurea and the nitrosoureas. How- 
ever, the failure of this screen to identify active drugs for the 
major solid tumors resulted in a srgniticant change in 19 75 in 
the approach of the KCI when animal solid tumor and human 
tumor xenografts were added as a secondary in vwn tumor 
panel ,h In 1985, a second major chapge_ was made.- 16 w The 
increasing availability- of a gr< >wing number of cell lines derived 
from human solid tumors and well characterized with respect 
lo drug response patterns, growth facloi dependence, onco- 
gene expr essron, and other biochemical and molecular fea- 
tures presented an opportunity to focus screening efforts on 
the unique biology of human solid tumors. 

A number of human solid tumor cell lines were selected to 
provide a disease-oriented approach to drug discovery in con- 
trast with the pievious compound-oriented drug discovery meth- 
ods. A total ot 60 human tumor cell lines derived I mm seven 
cancer types (e.g., lung, colon, melanoma, kidney ovary, brain. 
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TABLE (0.2-1. Compir 



High-volume assay 

Han identified man; current cancer drugs 
Defines agent with effect cm tumor cell and dis- 
plays the pattern of cellular response 
Defines agents that cross cell membrane jnd 
withstand the intracellular milieu 



High 



chime ; 



observed effect 



of action not defined by this approach 
ijjents that are nonspec ideally toxic to cells 
indite the cellular target icsponsihle for the 



c appeal, appro 



Despite s 
miplei 

No guarantee that agents wilt enter th 

intracellular milieu 
No guarantee that agents wilt be selec 



xukerma) formed the original cell line panel Breast cancer cell 
Lines weic stibsequenth added. The initial concept proposed 
tint leads demonstrating disease specificity would be identified, 
Ht-.d acUvity could be further examined by hi vivo testing in nude 
urce, using the most sensitive in vi(w index tumor cell lines. 

In the current NCI anticancer screen, each candidate agent 
is tested over a htoad concentration range against every cell 
hue in the panel.-" 1 '' 14 "" 1 Active compounds aie selet ted tor fur- 
ther testing based on several different criteria: disease-type 
specificity in the in vitro assay, unique structure, potency, and 
demonstration oi" a unique pattern of cellular cytotoxicity 01 
cytostasis, indicating a unique mechanism of action or intracel- 
lular target. The agents selected for further investigation aie 
dien subjected to additional testing to assess theii hi viva thera- 
peutic index." il The current version of the cancer drug screen- 
ing program of the NCI has been in operation since 1990. and 
lumber of novel chemical entities have been identified for 
further evaluation. This high-capacity screen was designed to 
accommodate approximately 1(1,1100 individual chemicals 
tested annually with additional capacity for screening natural 
product extiacts. Approximately 5% of the compounds tested 
in the initial screen show sufficient activity to warrant further 
evaluation in in vivo screens or biochemical-molec ukii assays. 
More than 60,000 agents have been sci eened against a panel of 
'3d human cancer cell lines. The tumors that are represented in 
tics cell line panel include melanomas; leukemias; and cancers 
c: :he breast, prostate, colon, ovary-, kidney, and central ner- 
vous system. To date, this approach has identified five novel 
asieuts (e.g., a tyrosine kinase inhibitor, a protein kinase C 
■ahibitoi, and several disease-specific agents) for further test- 
es' in clinical trials. It is hoped that an oveiall assessment, of 
'-he clinical usefulness of this novel cell line screening 
approach will be feasible in the near future. 

I'he concept of cancer drug discovery that is based on high- 
vnhme screens, whether oriented toward a cell line-based or 
"volccular target, relics on the acquisition of a large source of 
diverse materials for examination. In the case of the NCI, an 
e x*tasive program for acquiring both defined chemical enti- 
"-s and diveise natural products has been pursued. Enormous 
•'ffortwas initially invested to standardize the in r/iraassa\, and 
SlJ -F.cient time should be provided to fully evaluate the clinical 
uti| iiy of its early findings. 



The pharmaceutical industry is also actively engaged in the 
procurement of large numbers of interesting chemical struc- 
tures and natural products for testing in their respective cancer 
screens, many of which focus on specific molecular targets. Dif- 
ficult decisions must be made to choose among the large num- 
ber of unknown entities for initial testing and to aid in the 
prioritization of known active compounds for further develop- 
ment. Computer programs have been developed to assist in 
this prioritization and to enhance the diversity of potential 
chemical entries and crude natural products introduced into 
the screening process. 40 '"* 2 For example, there are significant 
challenges in representing, analyzing, and storing the vast 
amount of experimental data generated bv the substances 
tested m the in woo scieen of the NCI. In Figure 19.2-3, drug 
testing data are represented as a mean giaph presenting 
growth inhibition m a standard bar graph. 18 The mean graph is 
constructed by projecting bars to the right or left of ihe mean, 
depending on whether an individual cell line is more or less 
sensitive than the average line in the panel. Furthermore, the 
length of each bar is proportional to the relative sensitivity of 
the ceil lines. Thus, each agent can be represented by a charac- 
teristic fingerprint of cell line responsiveness. 

After an agent has been tested in the cancer screen, its 
unique response pattern can be compared with the results 
from all other agents within the database. A computer program 
called COMPARJi uses a simple algorithm for aligning and con- 
trasting the patterns for each compound with the patterns of 
other compounds in the database. 4:M4 A compound is entered 
into the program as a seed, and the computer database elicits a 
list of those agents that have similai patterns of tumor cellular 
responsiveness. In Table 19.2-2, an example is presented tor 
the introduction of a seed compound and the resulting list of 
agents that had similar patterns of cellular cytotoxicity A corre- 
lation coefficient is also expressed, relating the closeness of the 
seed to those agents listed by the computer program. Close 
correlations between agents appear to have biologic and phar- 
macologic importance, implying a common intracellular target 
despite a dissimilarity in structure (e.g., tubulin-binding 
agents, topoisomerase-interactive agents). The COMPARE pro- 
gram has se\eral important features. 44 It can identify the intra- 
cellular target or mechanism of action of a new compound 
through a comparison of its fingerprint with known agents. It 
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RUBIDAZONE 



* LEUK 
CCRF-CEK 
HL-60 
K562 
MOLT-4 
RPMI-8226 

* NSCTiC 
A549 
EKV-X 
HOP- 18 
HOP-62 
HOP-92 
H226 
H23 
H322 
H460 
H522 

* SCLC 
DHS-114 
DMS-273 

* COLON 
COLO-20 5 
DLD-1 
HCC2998 
HCT-116 
HOT- lb 
HT29 
KM- 12 
KM20L2 
SW620 

* CNS 
SF-268 
SF-295 
SF-539 
SNB-19 
SNB-7 5 
SNB-78 
U-251 
XF-498 

* MELANOMA 
LOX 

MALME-3M 

Ml 9 -MEL 

SK-MEL-2 

SK-MEL-28 

SK-MEL-5 

UACC-257 

UACC-G2 - 

* OVARIAN 
IGROV-1 
OVCAR-3 
OVCAR-4 
OVCAR-5 
OVCAR-8 
SKOV-3 

* RENAL 
A4 98 
CAKI-1 
RXF393 
SN12C 
UO-31 

* MISC 
MCF-7 

MCF-7/ADR r 
P3 88 

P388/ADR 
MEAN IC50 
-DELTA 
■RANGE 



■lean graph pr^cnUnt 
hi of the ai;(-nt that pint 




staieh fo, compounds prtuonsh tested in the cancel 
si teen that have a hngripnnt Mmiku to chat of a lead t nni- 
p. uud kmran to inhabit i lmlll u c i,u«et It ilso has the pomr 
to detect inhibition of mtcguttrd biochemical and moleuiku 
:h Iroavs thai die not adequately lep.esentcd bv i single mole- 
cule m mole. uUi mleiartion The compatison also allows let 
cynlion uf a new agent that does not match with compounds 
■ Ji.rati mechanisms of M tion G,\en the entiral loles of an 
ir-.ract Lelkyck checkpoint and apuptotic padmavs m dttci- 
rmnmg , hemoscnsitnm it is .ltdi thai .such an algorithmic 
appioach u,a\ help identih , andidatt anticaiK ei diu-s that 
a~c not dependent on an in tat t clie. kpuint and apoptosfs tunc- 
no,, Fmdh th,s stiateg; piovides the ,attnnal bas.s to, lutme 
p.l.ia niiaeopho re develo pn i en t. 

Compute, appioa.Ju-s tu data anahsis simil u to that 
i -'* N nhc <* ]n fh( N< Ijif hnng developed bvm.lustiv to seat, 'l, 
:=i .fgonts inteiaamg wa h speufie moleculai taigets In addi- 
tion the \CI has .undue t«l an elaboiate t haiacte, ,/ ,t,on oi 
specifu molecula, ra.gcts exp.essed U the existing turn.,, cell 
W within its „ 1Lin lul example. Ik cause certain .ell hues 
are, known to ronnin t mnt-.twi 

• ' I " uuu a nnuaufi oi rnei expressed oncogene, 

uch as Uas o, HI R 2 >neu it ,s possible to seaul, the exrs.mg 
database tlJI a , ents 1(tlu ^ l||lst ()jjK tW ^ 

UPM thus pnuess mas ultnnateh , ombme the advantages of 
M, cell lute-based and mole.uLu s,,ecm, hut will Jennie 
fepaiate yaltdation to .onhnn that ident.hed leads do mdeed 
mte,au with the puipotieci niokiuLu Uf.t ,n sp< ula ,ss >vs 
<Wdanhatcn.m Although the Xf 1 c ell line sceen ,ep,e 
d .aitlull) constructed system fo, obtaining and an ,hv- 
"g voluminous clati on dncse < ompounds, alternate 

[Jl> uh on high duo,,, hput assays based on spe, ,hc molecu- 
^ «ro eN against whirl, , ombmafoual dienusti) invtmrnio 
s tested \ o,„ K l example of this appioadi is the potent a,Hi 
'"^ ^ent monasuol, isolated by Mam et al * Tins agent 



bipolai itv and thus . 



o inhibit the pro. ess of imtnsis 



MCH LC LJ L AR-TA RGETED SCREENING 

Fiom a s. untitle perspective, a compelling argument can be 
uidde tm focusing on d yvdl-defmed mole. uLu target and tot 
usmg , omptitei-hased appmathes to design small molecules 
that would speed, alh mteiaet with this taiget 

Wuh the lapid advances bong made m dehnmg the molee 
ulit patholo^ of neoplastu , ells, specif,, oncogenes have 
been identified that die exp.essed uinqtuh in malignant tis- 
sui Ihe discover, of mappiopuately expressed or mutated 
genes has piovuled an impetus foi the establishnu nt of numei- 
ous siittns designed to detect specific inhibitois oi moduk- 
icns of the p.oduets oi these abnounal genes Innacellulai 
signaling pathuavs that mediate the actions of gtowth tactots 
and oucogeties on i ell prohfeiation, such as piotem kinases G 
p.otems and ttansciiption attKatoib pio^de additional uenel 
Uiqets fo, aiitieaneei chugs Houe.e, g,un the eons.derablc 
ouilap of a, cess to vinous growtli-tacto, signaling pathway 
imain signals use the same distal steps), signal nansdiution 
mhibuois mav U k speeihutv tot the neoplastu .ells 41 

Vs an altetnatne to taigetmg these intia. cllulai pathwr>s sig, 
uih. ant attention has focused on suategies to inhibit thepioeess 
"1 angiogenesis " U, to < oncept stems hoin the senunal ft( „k of 
Folkman and colleagues 47 ' who proposed that the gjowth of a 
ttiinm mass is dependent on the formation ot a utsntlai netuoik 
that suppl.ts the tumor mth essential nutiienLs Ihe taigetino uf 
the tumu, sasrulature has two potential advantdges o^Tcumen- 
tional luothtmital and moleculdr taigets. The' fust is thai th Ia 
dpptoach does not lequne tailonng ot theiapv to the unique 
gcneti, makeup uf the tunioi, because ,t appeals tint all sohd 
tumois uc dependent to sonu extent, on angiogencsjs f.u 
guowth In addition, the taiget of this approach is the normal 
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vascular endothelial cells that are geneticalh stable and, thus, 
less hkelv to become drug-resistant 

A.dve>caies for the use of me chamstic-hased appioaehes to 
novel drug discover) have emphasized the potential for self c- 
tmti that niav lesull fiom the use of moleculai taigetiiig. 74,w ' 
The expression of identical 01 closch related moleculai 01 bio- 
chemical taigets m notraal tissue must always be considered 
Mutant oncogenes and theii coi lesponchug piotein pioeluns 
appeal to be the most attractive targets for drug design Two 
examples include the fusion protein that results fiom the BCR- 
ABL translocation m rhionic myelogenous leukemia (CML) 
and the interference with tumor suppu ssion lesulmig iinm 
the binding of papillomavirus piotetns to the RB (retinoblas- 
toma) gene in cervical carcinoma. 

In CML and m apptoximateh 20% of adult patients with 
acute lvmphocvtic leukemia cVLL), a characteristic lcciprocal 
translocation between chromosomes 9 and 22 is observed. The 
piotoemcogene (ABL) fiom chromosome 9 is translocated ai 
the breakpoint cluster legiem (BCR) on cin omeisome 22 This 
translocation encodes the Bsr-Ahl protein, which expi esses con- 
sntutrveh acmattd tvrosme kinase funcuon It is a 210-kD onco- 
protein and expiession of p21t) BCH-Abl induces a disease m 
mice resembling CML. confirming the critical role of this onco- 
piotem in the development of CML'' 152 The p210 Bn-Abl pio- 
tein is present in 95% of patients with CML and m 5% to 10™ of 
adults with ALL for whom there is no evidence of CML. A sec- 
ond fusion protein of 1 85 kD is found m 10% of adult cast s and 
r> c 7 to 10% of pediatric cases of \LL, but not in CML 

It is cleai that expression of this genetic rearrangement is 
essential for maintaining the malignant phenotype r In addi 
tion, tiansfection of the specific DNA. lor the BCR-Abl- 
encoded protein kinase into the hematopoietic stem cells of 
mice tesults in the induction of a malignant disorder in vivo 
with similarities to the clinical illness m humans M Modifica- 
tion of these murine models could provide a potential oppor- 
tunity to test promising new therapeutic pmducts in vivo 
Moreenei. the ahenant tviosine kinase resulting fiom these 
abnormal genehc icarrangements (BCR-ABL) within the 
hematopoietic stem cells does not exist m normal hos! cells 
This abnormal gene provides an ideal moleculai target foi 
therapeutic mttrvention. The crystal structure of several pio- 
tein kinases has been solved, and a number of compounds 
have been designed based on the structure of the adenosine 
triphosphate (ATP1 binding site oi the active site of the 
en/vme. In screening against the recomhmant BCR-ABL kinase 
piotem the 2-pheinlanimopynmidme denvatne known as 
COP 57148 (ST) 571 J proved to be a potentand selectne mhib- 
itoi, targeting the ATP binding pocket. h ~ Tins compound 
inhibit* all ABL tyrosine kinases al subnnciomolai concentra- 
tions in vilio, and it has minimal to no mhibitoiv effect on the 
colons-forming potential of noiinal bone manow cells (XT' 
571 4b! appears to be selectivelv toxic to cells expressing the 
BCR-ABL tyrosine kinase jC,rr A phase 1 clinical tual has been 
completed m CML patients who were unsuccessful with inter- 
feron thetapv ,L| CGP 57] 48 was gnen oralh on a daih basis 
and tieatment was well tolerated, with the most common toxic- 
iues being onh. mild nausea (grade J I. muscle cramps and 
aitlualgias With legarri to its clinical activity significant hema- 
tologic responses have been observed, with 100% clinical com- 
plele response at dailv doses gieater than 30(1 mg and a "10°; to 
50% cytogenetic i espouse. Clinical investigations aie in 



piogress to validate the clinical efficacy of this novel agent 
Studies base shown thai the drug also has potent actmtv 
against the platelet-derived giowth lacioi uceptoi and m 
experimental studies, it mhibiLs tumoi s that ovtiexpiess this 
receptor Thus, this compound may have broader application 
than just for CML. 

Anothei potential taiget foi theiaprutic mlcivention has 
evolved fiom an enhanced understanding of the role of abc-i- 
unt tumor suppressoi protein function m the malignant pm- 
cess ft is appi ec laied that n 101 e tlian !S0% of c ervie al cai nnomas 
have evidence of mtegiatcd DNA sequences from papillomavi- 
ruses'''" Human papillomaviuis-lfi has been implicated lie- 
quemtlv as a causal role of ibis mabguaiKV Extensive molecular 
mveshgaoon of the association of human papillomavirus with 
cervical iaicmoiua has identified specific micleai piotetns that 
interact with die tumoi suppressoi gene RB bl In fact, the com 
plex protein protein muiaction between the F7 pnucm hum 
human papillomavnus-lO and the l etmoblasloma suppiessor 
protein (pRB) is believed to be important m the cellular tran.s- 
foimation that learls to cervical caiunoma Expiession of the 
F7 piotem apparenth eireuis both withm cells fiom patients 
with cervical carcinoma and fiom cell lines ck lived Irom this 
malign nicy The mactivation of theRB tumoi stippiessoi gene 
bv this piotem appears to be leversible There is significant 
interest in identifying agents that could selecmeh mlerftie 
with this deleterious E7-RB interaction. 



DRUG DEVELOPMENT 

clinical tnals However, impoitant and clnucallv ic-levant mfoi 
mation ma\ be lost bv pioecedmg mimediateh fiom a puinaii 
,n vifio screen to a clinical trial without defining the in vnn 
actmtv of an agent, its phai macokmetif s and schedule depen- 
dency in animals and Us profile of toxicity foi normal and 
malignant cells and tissues Lai h oi these issues is mipoi tanl 
and must be addi essed m a lunch manner to provide safe and 
leasonablc staiting doses foi implementing phast 1 tnals in 
patients The steps required m the* development e>l a eancei 
agent foi clinu al practice ate complex and as outlined in Fig- 
ure 19.2-4, the> are both tune- and iesouiee--mtensive 

Secemdaiv m viDu studies to optimize the exposuie time tei 
an agent and tei elefine mechanisms of lesistance aie useful foi 
the investigators planning in vwn studies Examination of the 
elose response data toi several tumoi ceil lines should pel nut a 
selection of the optimal tumoi" svsttm for subsequeuth evaluat- 
ing 'li vivo efficacy fmtheimore pielimman pharmae ologic 
studies m non-tumoi-beaiiug animals provide useful mfoima- 
tion about the plasma conce nuatiejns achievable and an esti- 
mate of the acute teixicitv allci svsumic achmnisti atiem of a 
new agent Success m identifvmg new theiapies relics on the 
expeditious vet c ueful. conduct eif those studies peitment to 
tlevclopmg a promising m ulic observation idcuved from 
eithei the e ell line screen oi the molerulai models) into an 
actual drug candidate, !j -'" t3 "' 

IN VIVO ANTITUMOR ASSAYS CURRENTLY IN USE 

In the current NCI development schema the human tumor 
e ell line most sensmve to an active candidate in vitio is selected 
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Cancer Cell Physiology 

I 

Biochemical and/or Molecular Targets 

\ 

Lead Identification via Drug Screening 
Lead Optimization via Chemistry ~ 
Drug Candidate Selection via Pharmacology 

I 

Production and Formulation 

I 

Safety Assessment - Toxicology 

I 

Phase I Clinical Trials 

I 

Phase II Clinical Trials 

I 

Phase III-IV Clinical Trials 

I 

Regulatory Approval via FDA 

I 

General Medical Practice 

I K-l RE 19.2-4. Stepsm cancc, drug development FDA, t 1 * Food 
ami 11 rug Administration 



tor 'esting as a xenograft in a subcutaneous implant site in a 
nude mouse Compounds identified m molecular screens arc 
usuallv tested against human ui nmnne tumois engineered to 
^'•ci express the specific drug target 

Inline to demonsttate w viva efncacv for agent, that dis- 
P-f-v strung m Vltm evidence ol antitumor actmty should 
P T "'t>pt additional studies to dc tei mine whether a pharmac oki 
"<--ic oi metabolic explanation exists for the loss of activity 
lh <- initial lead, eithei discovered by mi empuic screen or as a 
rf,s "l: ol rational chemical design, is usualh not the optimal 



ittgattori. Lead optimization 
l Relative process between ( hemists and tumoi biologists 
• icqmred to enhance the in vivo therapeutic 1 tides. Far- 
L( h as poor soiubrhtv and rapid n v,ui metabolism mav 
let ted bv analogue development More potent ami less 
Iciivatrves can olten he subsequenth developed fie, 
ed the molecule is amenable to modification i 



PRECLINICAL PHARMACOLOGY 

Pierhnical studies m mite. rats ami duos provide essential 
mlonnation about pilar macokmetics and provide a basis ioi 
itional schtduk development for the new drugs m humans 
» such as bioavailability [for agents administer, d b\ the 
Lite), mctahohsm teual extrctron and pcnetiation into 
ltial netvous svsttni < ontnlmte to the understanding of 
-st to test a iilh diug in humans. Although there is" no 
lee that human subjects will handle a r 
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pathways tor ding metabolism and t \ 
not quantitatively the same anoss sp< 
Phaimat okinettc mfoimatton m j 
lational basis loi dose escalation 

associates" 1 have hvpothesi/td that dose limiting toxrotv i. 
nut i and human* is a tun. tinn ol thug exposure as measmtd 
by the aua under the ding tnticm 
curve (CxT). They predict that anin 
ter close-hmmng toxirnv at the same C x T tor anv given diug 
and that the extperimf ntallv determined dose-hmrtnrg (' *. I 
( an be used as a target for dose es.alalion in humans \n anal- 
ysis of expeneme with phase I diug trials suggested that ioi 
most, but not all diugs the lelationshrp of C / L to toxicity 
holds across species This work potentially allows the cluneal 
investigator to base initial dose escalation steps on measure 
m ei its ol C x T Dose . scalatiou tan p.oceeci m a moie laptd 
fashion than formerh possible using empnic schemes and 
wasteful multiple steps m dost escalation can he avoided This 
appioich, although apparently valid m retrospective studies 
Mill inquires broader validation m a piospictive mannc-i 

Dnigs that demonstrate substantial in tei species vatiation rn 
patterns of taiger tissue at trvatron aie not good candidates fin 
tins approach For example, chugs at tivated bv dcoxycyudmc 
kinase, such as fludatabme phosphate, aie much more toxii to 
human niaiiovv cells than to mouse hone ma, row. prcsumahlv 
as a Jesuit of the fnghei levels of this activating en/vme m 
human cells" 7 In this instance, toxicity m humans would not 
be attuiatelv piedictccl h\ the CxT approach Furthermore 
(bug candidates that arc excessively potent (e g , several of the 
maimc natural pioducts) mav have biologic ef Fe< ts at plasma 
contentiations lower than the level of leptoduuble deter turn 
Consequently, such agents are not acceptable .anchdatrs tor 
phaimacologicalh graded dose csialaitoa 

FORMULATION STUDIES 

Although the preliminary pharmat ologit. and toxicologic 
studies mav begin before a decision on the final formulation 
of a pioduct, the Investigational New Diug (LND)-duccted 
toxicology should be pi r Formed with the final formulation 
In addition, other emua! studies mav be nitluenced bv the 
formulation (e g., bioavailabihtv of an oral foimulation msol 
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ubilitv of an agent dcraon'iti.itm^ intcie sting antitumoi activ- 
itv in the cancel snecn) Thiee impoi tan t factors that have 
an impact on formulation studies include solubihtv stabilitv 
and dosage requirements. 6 " 

Because the route tit chug adm initiation fin antineoplastic 
agents has piimanh been thiuugh the mtiavcnous appioach 
the issue of solubihtv has provided a substantial challenge ioi a 
numbei of tgtnts with limited aqueous solubilm Eftoi Is to 
mipinvc the solubihtv oi an agent have pnmanh involved phvs 
teal mcastues, including the use of \aiious mixed solvent svs- 
tems Novel ajjpioae lies, unhiding the use oi mn ionization, 
liposomal encapsulation and othei uni(|ne dehven svstcms 
(e.g tvtlodextims and coae en ate systems) have been investi- 
gated m an efioit to improve methods oi ding dilnm to tis- 
sues Major eiforts aie needed to < xpand the vehicles that aie 
available foi mtiavenous dtu« dehven of agents with limited 
aqueous solubihtv and stabilitv. 

The prt idi ug appioath uses chemical modification to solu 
the difficnltv associated with dint) msolubilm The mostiecent 
example of a simple piodrug appioach is the svmhesis of the 
monophosphate ol 2 tluoio adenine atahmosidc (Hudait- 
bine) (>) In essence the halogenatcd mirk oside was pool h solu 
bh in aqutuns solution In contiaM the monophosphate 
(fludaiabmc I was m«m soluble and readiiv cleaved en/vmati- 
ealh in vim to the 2-fluoio-adenine aiahmoside The nucleosifk 
is rapidh rephosphonlated aitci Iran spun to the intiacellulai 
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clme glucuionidt anil tin use of a human |i-glut uiomdase 
conjugated to a monoclonal antibody foi selected delivery to a 
tumor-beaimg animal It is liopcd thai this novel apptoacli will 
enhance the selectivity uf anttrancei agents and it mav. have 
paitieular utility in the case of highh potent compounds 

TOXICOLOGIC INVESTIGATION 

Picrlimcil loxicologv is frequentlv, the final step in the piogies- 
sion of a new rlicmotheiajieutic diug ftom disc men to initial 
phase I testing m humans isc e Fig. I'j 2—1 ! The majoi objectives 
ol the pieclniKd! toxicologic studies include (1) the definition 
of the qualitative and quantitative oigan toxicities (including 
dose and schedule dependencies) die leveisibilm of these 
effects and (1) the initial safe suiting dose pi oposed loi 
humans In gc n< i d the ideal appioach is to ensuic that the pit- 
clmtcaJ toxic ologu studies accmateh icfhct the intended dim 
cal investigations in humans (j e identical formulation 
schedules and loutes oi chug adimmstiatton and dose levels 
antic ipated to lellect die hkeh e xpenence m patit nts I 

The piotocols foi pei forming the pi ethnical toxic ologv at 
the \C1 have changed diamaiualh since the late 1M70s^ 71 
Numcious schedules ol diug adimmsti dtion uric examine d m 
avaiietv of animal sjiecies m the eiabtfoie 1980 The tmpha 
sis latei foe used on mouse lethahtv studie s foi the nntial dose- 
range-hndmg studies [i e- le-tbal dose in 10% of mite iLL) j0 ) 
LD W and IJ) C J The subsequent toxicologic studies weie pn- 
ionncd on hxed schedules to it fine the doses associated vMth 
lethal and uonlethal toxicities The prcdimc.il toxicities 
repoiteil coticlaied it asonablv well with the subsequent clini- 



cal observations ''" " A Howevei the extent of useless mfoiiiiv 
non j elating to highh lethal mmmt doses iLD.,, and LD 1)p ) led 
to a redesign of the toxicologic studies. 

The ecu lent toxicologic investigations accepted bv the U S 
Food and Diug Adinimsti ation involve a simplified two-step 
appioach The initial step focuses on acute toxic uy m small am 
mals (e g inn e), and the majoi end point is a detetmmation 
of the LD 1(1 level Flu second phase of j>i ethnical toxic ologu 
mve stigauon is moie extensive In this case, emphasis is placi d 
on a cai eful qualitative and quantitative chai acte n/ation of the 
organ-specific tovn ltu s m i orients associated with the schedule 
and loute of admtmstiauon that is to he use el m the initial c 1m 
ical tual Attention is given to defining atcuiateh those toxici- 
ties that aie liheh to he obseived at doses slightly higher than 
the highest nontoxic dose Caieful invc stigalion of the doses m 
the animals that apptoximatc the highest pio]etted tolerable 
dose in the model should piovide data that aie mmr relevant 
to the antn qiatcd dime d expeiiente m patienti 

In the past most new antineoplastic agents weie tested clini- 
callv on two lelativelv fixed schedules of drug administration — 
that is, single-bolus nniavenous dose cm e even 3 to i weeks and 
"i constcutrvr davs of tiettment repeated at eln 4-week mtcivals 
The most ficqutntlv used toxicologic protocols reflect each of 
these schedules Some nevvei agents entering pitclniital evatua- 
tion foi cmtei therapv art being pioposed foi weeklv mtrave- 

dosing Jt is cntnallv impoi tain thai the pieclmual toxicologic 
piotocol simulates tin planned therapeutic appioach m patients 

Because substantial variation mav exist bttween spenesm then 
tolerance toagnendrug, the safetv ol a pi oje tied starting dose in 
humans is conhnned bv examining the preclinical toxicities in at 
least two speries Both the qualitative and the quantitative toxin- 
ties are usuallv vvell defined aftti investigation of a small immal 
model (eg mouse) and a laigei animal (eg, dog) Onlv oeca 
sionalh is testing needed m an additional laigc animal te g nnm- 
kev) although this species has been shown to be tsperialh useful 
foi defining; ci nti al nervous svstem pharmacokmc tic s 

Ceitain organ specific toxicities are idiahlv detected with 
the cunent toxicologic models teg mvelosuppi ession and 
gastiomtestmal toxicitv) In contrast hepatic and unal loxm 
tics ait often missed oi falselv positive in animal testing loxic- 
ttits involving the heait lung nervous svstem pancieas and 
integument aie even less icliablv appreciated \.t best the pre- 
clinical evaluation can establish a safe siaitmg dost foi humans 
and picdirt acute oigan toxicitv \ complete dehiiitioii of the 
toxicologic piofilc of a new age nl usuallv emeigcs onh after 
extensive clinical expe rniieutatiou 



CONCLUSION 

The discos en and development of novel anticancer at>ents 
involves substantial time efhut and lesouues The stiategus 
used foi drug discoverv range tiom empnit scieernng (the 
sinm e of most of the cunent active chugs] to utional drug 
design based on an enhanced undei standing of the vanous 
bioi hernical and molecular targets >\s outhned m this chapte i 
an extensive scnes of pieclimcal investigations aie necessar) 
befoie the dt usion tt> tntei clmicil Uials is made .Significant 
efforts ate then leejuned foi the sure esstul completion of clini- 
cal studies in wind) an individual agent is taken irom the mi 
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Combinatorial ChenusLn 



riUNCirLFS or C OMBI \ A I OKI A.L 
CHEMISIRY 

RE\ OT UTTON IN S\ NTHET1C AND MFDILINAL 
CHEMISTRY 

I he held of conbin torn] die i istn it] nscnts i lev lutiou m 
bntl the concepts tnd consti tun m ( f chtmic 1 entities Thisit-x 
olutum 1ns not onh chius;td ihc hi- Ids oi cbtmitil catihss 
title 1th science wul n t tin ds ioclopmenl but lso hs 
mipitti 1 th field of dn t, de\tlui nui t Phc mpaitof e >r ibm 
tun Ichciiistrs slilehti be is signihcdnt t< dru^ de\tk \ mr nL 
s th<_ poh net se chan leacuoi i\as in id\ inuii^ clomi^ tech 
tuques fo m >lceuhi hi ilo^s The p stt, t nrmic ci lspiedciedti 



piesent us with between r () 001) mil 1 d(1 000 um juc ^incs itch 
ncudtnt; i piotei i j u duct tl at is potuiti dh i tl ei tpeutit m 
(ret Between 1000 and 1000 mi que mtnl e s ne pudnud to 
exist am thin dit piot 1 1 kin tse f nub, which is m n ij nit tit diss 
of thei pel tic tattcLs Beciusc lie tAeid^c lie li ul (he mist 
cm synthesize ippinvm itch 100 nn leculcs pei i t is dtibcult 
t i inusi m tlie dentihtatK n (if unque mbih t< shi th mulls 
of proteins u.siiict traditional techniques. 

I his rhtptei introduces the f eld of ( (in bin it i 1 then is 
tr\ lid desc ibes 1 tn\ t his imputed drug d<\cl( [ n ent ind 
ho\s it -\nll hi el\ tmptct tutuie diusr dt\clc] mcnt Jit mi >f 
this mt < idee turn is to stnt is i pi mm Id icsl i cheis mslnis; 
to m ci>] pot itt chemical d\ tsiu into then use mhpi i^rim 



WHAT IS COMBINATORIAL CHEMMKY AMD HOW 
DOES IT REL VTE TO CHEMICAL DI\ tRSIT^i ? 

To pui] cih ndcisltnd i h it i imbm teiul ehimistn is the 
( once] t oi ehemiul drseism mstfustbe tddiesscd If irsci 
sit\ is dt fined is that which tpiesems ill p issil !c pcimutt 
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Different host-cell shutoff strategies related to the matrix 
protein lead to persistence of vesicular stomatitis virus mutants 
on fibroblast cells. 

Desforges M . Charron J . Berard S . Beausoleil S . Stojdl DF . Despars G . 
Laverdiere B . Bell JC . Talbot PJ . Stanners CP . Poliquin L . 

Department of Biological Sciences, Universite du Quebec a Montreal, P.O. 
Box 8888, Station Centre-ville, Quebec, H3C 3P8, Montreal, Canada. 

Acute infection of fibroblastic cell lines by the Indiana strain of vesicular 
stomatitis virus (VSV) usually induces dramatic cytopathic effects and 
shutoff of cellular gene expression. We have compared a series of 
independent mutants with differences in shutoff induction and found that M 
was mutated either in the N-terminus (M(51)R) or C-terminus (V(221)F and 
S(226)R). Furthermore, only double mutants (M mutation and a ts mutation 
related or not to M) were able to persist on fibroblast cell lines at 39 degrees 
C. A more detailed investigation of the infection was performed for the 
mutants T1026, TP3 and G31, differing in their host shutoff effects related 
to M protein. Viral activity in persistently infected mouse L-929 and 
monkey Vero cell lines was followed by viral proteins detection, RNA 
synthesis throughout infection and finally detection of infectious particles. 
All three mutants cause extensive CPE followed by emergence of 
persistently infected cells on Vero cells. The same thing is seen on L-929 
cells except for T1026 which causes little CPE. Taken together, the results 
form a basis of further studies to clarify how various viral and cellular 
factors interact in the establishment of a persistent infection by VSV 
mutants. 



PMID: 11376849 [PubMed - indexed for MEDLINE] 
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The Vesicular Stomatitis Virus Matrix Protein Inhibits Transcription 
from the Human Beta Interferon Promoter 

MAUREEN C. FERRANt and JEAN M. LUCAS-LENARD* 
Department of Molecular and Cell Biology, University of Connecticut, 
Storrs, Connecticut 06269-3125 

Received 14 June 1996/Accepted 27 September 1996 

In cells infected by wild-type (wt) vesicular stomatitis virus (VSV) Indiana, host transcription is severely 
inhibited. DNA cotransfection studies have implicated the VSV matrix (M) protein in this process (B. L. Black 
and D. S. Lyles, J. Virol. 66:4058-4064, 1992). The M protein inhibited transcription not only from viral 
promoters in plasmids but also from the chromosomally integrated human immunodeficiency virus type 1 
(HIV-1) provirus promoter (S.-Y. Paik, A. C. Banerjea, G. G. Harmison, C.-J. Chen, and M. Schubert, J. Virol. 
69:3529-3537, 1995). In this study, we investigated the effect of wt VSV M protein on expression of a reporter 
gene under control of a cellular promoter (beta-interferon [IFN-B] promoter), using double transient trans- 
fections in BHK and COS-1 cells. The cellular IFN-B promoter was as susceptible to the inhibitory effect of the 
M protein as the viral promoters used previously. Viral proteins N, P, and G had no significant effect on 
reporter gene expression. The M protein gene from VSV mutant T1026R1, which is defective in host tran- 
scription inhibition, was cloned and sequenced, and its effect on reporter gene expression was tested. The 
mutant M protein had a methionine-to-arginine change at position 51 in the protein sequence and did not 
inhibit transcription from either the IFN-B promoter or viral promoters. This VSV mutant is a good inducer 
of IFN, as opposed to the wt virus, which suppresses IFN induction. These results show that the M protein 
inhibits transcription from cellular as well as viral promoters and that the M protein does not regulate the IFN 
promoter any differently from viral promoters. While the M protein may play a role in IFN gene regulation, 
other viral or cellular factors that provide specificity to the induction process must also be involved. 



Infection of mammalian cells with wild-type (wt) vesicular 
stomatitis virus (VSV), Indiana serotype, results in the inhibi- 
tion of host RNA and protein synthesis (reviewed in reference 
40). wt VSV isolates in general do not induce interferon (IFN) 
(22, 39, 41), but certain mutants of this virus, such as T1026R1 
(36), are very good inducers of IFN (24, 32). It is thought that 
the wt virus produces an inhibitor or suppressor of IFN induc- 
tion and that those VSV mutants that are good inducers of IFN 
are defective in the gene coding for the suppressor (23). The 
suppressing phenotype is dominant, for cells coinfected with 
IFN-suppressing and -inducing virus do not induce IFN (25, 
26). 

The matrix (M) protein of VSV is a potent inhibitor of 
transcription. Using double transient transfection experiments, 
Black and Lyles (4) showed that M gene expression caused the 
inhibition of transcription of the cotransfected chlorampheni- 
col acetyltransferase (CAT) reporter gene. Northern blot and 
nuclear runoff transcription analyses demonstrated a reduction 
in the level of the vector-encoded reporter mRNAs and tran- 
scription of the target gene, respectively. Recently, Paik et al. 
(29) demonstrated that VSV M protein can inhibit transcrip- 
tion from the chromosomally integrated human immunodefi- 
ciency virus type 1 (HIV-1) provirus, suggesting that the effect 
of M protein is not limited to transcription from plasmids. The 
data also supported the role of the M protein in shutoff of host 
cell transcription. 

The ability of M protein to inhibit transcription is only one 
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of the various functions of this multifunctional protein. It plays 
a role in virus assembly (reviewed in reference 40), causes the 
disorganization of the cytoskeleton resulting in cytopathic cell 
rounding (5, 34), and down-regulates viral RNA transcription 
(8, 11). It also interacts with the viral genomic nucleocapsid 
and cellular components such as tubulin and the plasma mem- 
brane (9, 10, 27, 28, 42). It has been detected both in the 
cytoplasm and in the nucleus of infected cells (20) and is a 
phosphoprotein (2). 

The M protein appears to be quite cytotoxic. Several labo- 
ratories have reported that while the VSV L, G, N, and P genes 
are expressed in high levels in transfected cells when controlled 
from a simian virus 40 (SV40) late promoter, it has been 
difficult to detect expression of the M gene when driven by the 
same promoter (4). This is believed to occur because M pro- 
tein inhibits its own transcription as well as cellular transcrip- 
tion (4). This inhibition is not noted when the M gene is driven 
by the T7 bacterial virus promoter in a system that does not 
rely on the host transcription machinery (3). Its involvement in 
cytopathic cell rounding may also contribute to its low level of 
expression (5). 

Until now, the effects of M protein on expression of target 
genes from only a few viral promoters, including the SV40 
early promoter, the cytomegalovirus (CMV) promoter, and the 
HIV-1 long terminal repeat, have been examined (4, 29). In 
this study, we determined whether the M protein had the same 
effect on a cellular promoter, the human IFN-B promoter, as 
on the aforementioned viral promoters. The IFN promoter was 
of particular interest because it could possibly have been reg- 
ulated differently by the M protein, given the role of IFN in 
antiviral defense. 

We also examined the effects of cotransfection of VSV genes 
N, P, L, and G on reporter gene expression controlled by the 
IFN and two (SV40 early and CMV) viral promoters. The 
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results were expected to provide information about whether 
the N, P, L, or G protein had any regulatory effect on the IFN 
promoter. Finally, we cloned the M gene from the IFN-induc- 
ing VSV mutant T1026R1 and studied the effect of its expres- 
sion on reporter gene transcription from both the IFN and SV40 
promoters, using double transient transfections. The data showed 
that transcription from the cellular IFN promoter, like tran- 
scription from viral promoters, was inhibited by the M protein 
from wt VSV but not by the VSV G, N, and P proteins. On the 
other hand, the M protein from mutant T1026R1 did not 
inhibit transcription from either the IFN or SV40 promoter. 
The role of the M protein in IFN gene regulation is discussed. 

MATERIALS AND METHODS 

Cell culture, viruses, and infection. BHK cells were grown in Dulbecco's 
modified essential medium (DME) containing 10% calf serum and 10% tryptose 
phosphate broth (Difco) on plastic petri dishes at 37°C. COS-1 cells were grown 
in DME containing 10% fetal bovine serum as described above. The heat- 
resistant (HR-C) strain of the Indiana serotype of VSV was used as the wt virus. 
Mutant T1026R1, a temperature-stable revertant of T1026 (36), was supplied by 
C. P. Stanners. This mutant was originally derived from the Indiana HR strain of 
VSV by chemical mutagenesis (36). 

Plasmids. Plasmid pTWU54 contains the CAT reporter gene regulated by the 
human IFN-p promoter region and was generously provided by R. Schloemer, 
Indiana University School of Medicine (see reference 6 for a detailed description 
of this plasmid). The expression vectors containing the different VSV genes 
regulated by the SV40 late promoter were previously cloned into pJC119 (35) 
and were generously provided by M. Schubert (National Institutes of Health). 
They were as follows: pSVGL containing the G gene (30), pSV-VSLl containing 
the L gene (31), pKOMl containing the M gene (5), pJS223 containing the N 
gene (35), and pLH7 containing the P gene (18). pJC119 was used as a control 
in many of the experiments and to keep the amount of DNA per transfection 
constant. pSV2CAT contains the CAT gene driven by the SV40 early promoter 
and was the generous gift of M. Sekellick (University of Connecticut). pCEP4/ 
CAT (Invitrogen) contains the CAT reporter gene regulated by the CMV con- 
stitutive promoter. Plasmids were prepared by using Qiagen Maxi Prep kits accord- 
ing to the manufacturer's instructions. DNA was quantitated by Hoechst staining. 

Cloning and sequencing of the T1026R1 M gene. Confluent cultures of 
BHK-21 cells grown on 100-mm-diameter plates were infected with T1026R1 at 
a multiplicity of 10 for 6 h. Cytoplasmic RNA was isolated by standard tech- 
niques (21). 

The M gene of mutant T1026R1 was amplified by reverse transcription-PCR 
(RT-PCR) in a single tube (Perkin Elmer). The synthesis of the first single- 
stranded DNA copy of the M mRNA was initiated by using primer A (5' 
CCCTCGAG(dT) 14 CATAGG 3') consisting of oligo(dT), 4 flanked at its 3' end 
with six nucleotides complementary to those preceding the poly(A) tail and 
flanked at the 5' end with six nucleotides representing a Xhol cloning site plus 
two additional C residues. The reverse transcription reaction was carried out at 
42°C for 15 min, followed by enzyme inactivation by heating at 99°C for 5 min 
and cooling to 5°C for 5 min (one cycle) in a Perkin Elmer Gene Amp PCR 
System 9600 Thermocycler. 

The complementary plus-strand DNA was synthesized by PCR by addition of 
synthetic oligonucleotide primer B (5' CCGGATCCCAATCCATTCATCATG 
AGTTCC 3'), which is identical in sequence to positions 27 to 50 at the 5' end 
of the M mRNA preceded at its 5' end by six nucleotides representing the 
BamHI cloning site and two additional C residues. The double-stranded DNA 
was amplified by PCR with Taq polymerase, using both oligonucleotides A and 
B (94"C for 30 min, 55°C for 30 min, and 72°C for 30 min; 25 cycles). The 
amplified PCR product was purified from a 1% agarose gel and ligated into 
vector pCR3 according to the manufacturer's instructions (Eukaryotic TA Clon- 
ing Kit-Bidirectional; Invitrogen). Two microliters of the ligation reaction was 
transformed into One Shot TOP10F' competent cells the following day, and 10 

containing the mutant M gene in the proper orientation was identified by re- 
striction mapping [pCRl-M (+)]. A second colony that contained the mutant 
gene in the opposite orientation for comparison [pCRl-M (-)] was also selected. 

The DNA sequence of a clone containing the T1026R1 M gene cDNA in the 
coding [pCRl-M (+)] and noncoding [pCRl-M (-)] orientations was deter- 
mined. The wt M sequence from VSV Indiana, HR-C serotype, kindly provided 
by S. Beausoleil and L. Poliquin (I'Univeritfi de Qu6bcc a Montreal), was used 
for comparison with the sequence of the T1026R1 M gene. 

Transient transfection using calcium phosphate and poly(l)-poly(C) induc- 
tion of the IFN promoter. BHK cells (2 X 10 s ) were passed approximately 24 h 
prior to transfection into 60-mm-diameter plates. Cells were transfected by the 
calcium phosphate method (Stratagene Mammalian Transfection kit) according 

refed approximately 1 to 3 h before transfection with 3 ml of complete medium 



diameter plate, 5 u.g of pTWU54, and 5 u.g of the second plasmid. The trans- 
fection mix was added to the cells dropwise. After exposure of the cells to the 
mixture for 5 h, the solution was removed and the cells were subjected to a 1-min 
glycerol (20% [vol/vol] shock. Following three washes with DME, the cells were 
refed with 5 ml of complete medium and incubated for approximately 18 to 24 h. 

To induce the IFN promoter, cells were treated with 5 ml of complete medium 
containing 50 u-g of poly(I)-poly(C), 10 u.g of DEAE-dextran, and 50 u,g of 
cycloheximide per ml for 6 h. The cells were washed twice with DME, refed with 
complete medium, incubated for an additional 24 h, and harvested for CAT assay 
(see below). 

Transient transfection using LipofectAMINE and polyd)-poly(C) induction of 
the IFN promoter. BHK or COS-1 cells were transiently transfected by using the 
LipofectAMINE reagent (Gibco-BRL) according to the manufacturer's direc- 
tions. A total of 2 x 10 5 to 2.5 X 10 s cells per 35-mm-diameter plate were seeded 
the day before transfection in complete medium. Cells were transfected with the 
amounts of plasmid DNA indicated in the figure legends. COS cells were trans- 
fected with 6 u.1 of LipofectAMINE, and BHK cells were transfected with 8 u.1 of 
LipofectAMINE. Cells were exposed to the lipid-DNA complex for 5 h. An equal 

cells were incubated for 18 to 24 h. Fresh complete medium was then added, and 
the cells were incubated for an additional 18 to 24 h. DNA and LipofectAMINE 
used. p as ons a a a n mm tameerpaes 

After approximately 18 to 24 h of transfection, COS cells transiently cotrans- 
fected with the plasmids were treated with poly(I)-poly(C) as described above. 
After transfection for 37 to 41 h, BHK cells transiently transfected with thesame 
plasmids were treated with poly(I)-poly(C) as described above except that cells 
were incubated for 4.5 h instead of 6 h before being refed and incubated for 2.5 h. 
Cells were collected and prepared for CAT analysis. All incubations were done 
at 37°C. 

CAT analysis. CAT activity was determined by the method of Gorman et al. 
(16), with slight modifications. The cells were disrupted by three freeze-thaw 
cycles and spun in a microcentrifuge for 15 min at 4°C. One-tenth microcurie of 
[ 14 C]chloramphenicol (59.50 mCi/mmol; New England Nuclear Corp.) was used 
per sample. The separated acetylated chloramphenicol forms were visualized by 
autoradiography for approximately 24 h. The results were quantitated with a 
Packard Instruments Instantlmager. The percent acetylation was calculated as 
follows: (cpm in acetylated forms of [ 14 C]chloramphenicol/total label in all bands 
in the lane) X 100. 

Immunoprecipitation. Cells were infected with wt VSV at a multiplicity of 20 
for 3 to 4 h followed by labeling for 2 h in a mixture containing prewarmed DME 
minus amino acids, IX amino acid mix without methionine, and 80 uCi of 
[ 35 S]methionine per ml. Cells for transfection were seeded on 60-mm-diameter 
wells and transiently transfected by using LipofectAMINE. After 28 to 30 h of 
transfection, cells were labeled with 1.5 ml of prewarmed DME minus amino 
acids, 2% fetal bovine serum (COS cells) or 1% calf serum. 1% tryptose phos- 
phate broth (BHK cells), lx amino acid mix without methionine, and 80 u.Ci of 
[ 35 S]methionine per ml. Proteins were labeled for 12 to 16 h at 37°C. After 
labeling, cells were washed twice with ice-cold phosphate-buffered saline, and 
900 u.1 of radioimmunoprecipitation assay buffer (10 mM Tris-HCl [pH 7.4], 1% 
Triton X-100, 0.15 M NaCI, 1 mM phenylmethylsulfonyl fluoride) was added to 
the monolayer. Cells were scraped into a microcentrifuge tube and incubated on 
ice for 30 min. Cell debris was removed by centrifugation for 3 min. The clarified 
supernatant was adjusted to 0.2% sodium dodecyl sulfate and incubated with 
VSV polyclonal antibody 6794 (generously provided by E. Kretzschmar and J. 
Rose, Yale University) for 30 min at 37°C. Protein A-agarose was added to each 
sample, and the samples were incubated for 2 h at 37°C while being rotated on 
a revolving wheel. The pelleted beads were washed three times with radioim- 

applied to a sodium dodecyl sul'fate-10% polyacrylamide gel (19). After ele'ctro- 



RESULTS 

Inducibility of the IFN promoter in transiently transfected 
cells. The goal of this study was to determine whether the wt 
VSV M protein inhibits transcription from a cellular (IFN) 
promoter in addition to transcription from the SV40, CMV, 
and HIV-1 viral promoters studied previously (4, 29). The 
general experimental strategy was to cotransfect cells with 
pTWU54, the IFN promoter-CAT reporter gene construct de- 
scribed in previous reports (6, 38), and one of the five VSV 
genes attached to the SV40 late promoter. These transfected 
cells were then subjected to poly(I)-poly(C) treatment to acti- 
vate the IFN promoter. After a certain time period (see Ma- 
terials and Methods), cells were lysed and the effect of the 
cotransfecting viral gene on IFN promoter activity was mea- 
sured by CAT assays. 
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FIG. 1. Dependence of IFN promoter transcription on inducer. BHK cells 
were cotransfected by the calcium phosphate method with 5 u.g of pTWU54 and 
5 u-g of the plasmid mentioned below. After transfection for approximately 24 h, 
cells in lanes 2 and 4 were induced by poly(I)-poly(C) treatment for approxi- 
mately 24 h as described in Materials and Methods. Cell lysates were prepared, 
and their CAT activity was determined by thin-layer chromatography. The co- 
transfected viral plasmids and the amount of conversion of [ 14 C]chloramphenico! 
to acetylated forms are as follows: lanes 1 and 2, pJC119, 3.1 and 15.6%, 
respectively; and lanes 3 and 4, pKOM 1 (M), 0.5 and 2.2%, respectively. 
Abbreviations: CM, chloramphenicol; 1-AcCM, 1-acetyl chloramphenicol; 
3-AcCM, 3-acetyl chloramphenicol. 



repeated the previous experiment except that LipofectAMINE 
was used for the transfections instead of calcium phosphate. 
Figure 2A shows that the plasmid containing the M gene was 
the most inhibitory in terms of CAT synthesis. Cotransfection 
with plasmids containing the G, L, N, and P genes had con- 
siderably less effect on CAT synthesis. Similar results were 
obtained when cells cotransfected with pTWU54 and one of 
the five VSV gene-containing plasmids for 42 h were induced 
by infection with T1026R1 for 6 h instead of by poly(I)-poly(C) 
(data not shown). 

The VSV genes used in these experiments were under reg- 
ulation of the SV40 late promoter. Although most of these 
genes were expressed in BHK cells (as shown in Fig. 3), we also 
tested their effect on the IFN gene promoter in COS-1 cells, 
which express the SV40 large T antigen. As in BHK cells, IFN 
induction was dependent on the addition of poly(I)-poly(C) 
(Fig. 2B, lanes 1 and 2). Cotransfection of these cells with 
pTWU54 and the M gene resulted in a substantial decrease in 
CAT activity (Fig. 2B, lane 5). Cotransfection of these cells 
with pTWU54 and the G, L, N, and P genes had no significant 
inhibitory effect on CAT activity (Fig. 2B, lanes 3, 4, 6, and 7). 



IFN induction in virus-infected cells requires synthesis or 
activation of an IFN inducer. In wt VSV-infected cells, one or 
more suppressors of IFN induction that effectively prevent 
expression of the IFN gene are also presumably synthesized 
(23). By providing an IFN inducer [poly(I)-poly(C)] in the 
transfection experiments, we measured only the suppressor 
activity of the product of the viral gene under analysis on the 
target gene. 

BHK cells were selected for these studies because of their 
high level of transient transfection. In addition, this cell line is 
a good host for VSV and was used by Black and Lyles (4) in 
their studies on transcriptional inhibition by VSV M protein. 
To be able to compare our results to theirs, we used the same 
cell line. Cells were transfected by using either calcium phos- 
phate or LipofectAMINE. The two reagents gave similar re- 
sults and were used interchangeably in these studies. 

The dependence of the IFN-CAT gene on poly(I)-poly(C) 
for induction was tested because of the possibility that one of 
the plasmid preparations contained residual RNA contami- 
nants that could induce the IFN promoter. BHK cells were 
cotransfected by the calcium phosphate method with plasmid 
pTWU54 and a second plasmid carrying the VSV M gene. The 
control sample was cotransfected with pTWU54 and pJC119, 
the parental plasmid containing the VSV genes (35). As shown 
in Fig. 1, cells cotransfected with pTWU54 and pJC119 (lane 
1) produced only very small amounts of CAT in the absence of 
poly(I)-poly(C). The addition of poly(I)-poly(C) (lane 2) re- 
sulted in a substantial increase in CAT activity. These results 
indicated that transcription from the IFN gene promoter was 
dependent on the presence of an inducer under the conditions 
of our experiments and that if there were RNA contaminants 
in the plasmid preparations, their contribution to IFN induc- 
tion was minimal. 

Cotransfection of BHK cells with plasmid pTWU54 and the 
plasmid containing the VSV M gene resulted in the inhibition 
of CAT synthesis (Fig. 1; compare lanes 2 and 4), indicating 
that the M protein inhibited transcription from a cellular pro- 
moter as well as from the viral promoters previously reported. 

Effect of cotransfection of each of the five VSV genes on IFN 
promoter activity and cell type specificity of the effect. To 
determine whether cotransfection of the L, N, G, and P genes 
with pTWU54 in BHK cells influenced CAT synthesis, we 
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FIG. 2. Effect of the VSV proteins on IFN promoter activity in Lipo- 
fectAMINE-transfected BHK and COS-1 cells. (A) BHK cells were cotrans- 
fected with 1 u.g of pTWU54 and 2 u.g of the viral expression vector indicated 
below, using the LipofectAMINE reagent. After transfection for approximately 
40 h, cells were induced with poly(I)-poly(C) as indicated in Materials and 
Methods and cell lysates were prepared. CAT activity of cell extracts was deter- 
mined by thin-layer chromatography. The cotransfected viral plasmids and the 
amounts of chloramphenicol acetylation are as follows: lane 1, pJC119, 23.5%; 
lane 2, pSVGL (G), 21.3%; lane 3, pSV-VSLl (L), 10.6%; lane 4, pKOM 1 (M), 
1.8%; lane 5, pJS223 (N), 17.7%; and lane 6, pLH7 (P), 9.8%. (B) COS-1 cells 
were cotransfected with 0.75 u-g of pTWU54 and 2.25 ag of viral plasmid for 
44 h. Cells were induced with poly(I)-poly(C) as indicated in Materials and 
Methods, except for one sample that was not induced (lane 1). The cotransfected 
viral plasmids and the amounts of chloramphenicol acetylation are as follows: 
lane 1, pIC119. 3.0%; lane 2, pJC119, 40.7%; lane 3, pSVGL (G), 93.8%; lane 4, 
pSV-VSLl (L), 94.4%; lane 5, pKOM 1 (M). 18.1%; lane 6, pJS223 (N), 90.8%; 
and lane 7, pLH7 (P), 78.7%. 
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FIG. 3. Immunoprecipitation of VSV proteins in transiently transfected BHK and COS-1 cells. Cells were transfected with 1.25 u.g of pTWU54 and 5 u.g of a second 
plasmid (indicated below) by the LipofectAMINE method. Following incubation for 33 to 36 h, the cells were incubated for 12 to 15 h in medium containing 80 u.Ci 
of ["SJmethionine per ml. Lysates were immunoprecipitated with polyclonal VSV antibody (see Materials and Methods). The method for infecting and labeling cells 
with wt VSV was described in Materials and Methods. (A) BHK cells. Lane 1, infected cell lysate not immunoprecipitated; lane 2, wt VSV-infected cells immuno- 
precipitated; lane 3, pJC119 immunoprecipitated; lane 4, pJS223 (N) immunoprecipitated; lane 5, pGL (G) immunoprecipitated. (B) COS-1 cells. Lanes 1 and 6, wt 
VSV-infected cell lysate not immunoprecipitated; lanes 2 and 8, pJC119 immunoprecipitated; lanes 3 and 7, wt VSV-infected cells, immunoprecipitated; lane 4, pJS223 
(N) immunoprecipitated; lane 5, pSVGL (G) immunoprecipitated; lane 9, pLH7 (P) immunoprecipitated. 



These results demonstrated that in these two different cell 
lines, the M protein was the most inhibitory VSV protein. 

Immunoprecipitation of cells transiently transfected with 
VSV genes. Immunoprecipitation was used to determine wheth- 
er the transfected BHK and COS cells were expressing the 
intended viral gene product. Cells were transfected for a total 
of 48 h, and the proteins were labeled with [ 35 S]methionine 
during the last 12 h of transfection as described in Materials 
and Methods. After the transfections, cell lysates were pre- 
pared and the incorporation of radioactive methionine into 
virus-specific protein was determined by using immunoprecipi- 
tation with a polyclonal antibody to total VSV proteins. 

In some cases, cells were infected with wt VSV and labeled 
with [ 35 S]methionine. Lysates from these cells served as mark- 
ers for viral proteins and also showed which VSV proteins were 
the most antigenic. Figure 3A, lane 2, shows that the polyclonal 
antibody precipitated proteins G, N, and M best, followed 
by proteins P and L. When BHK cells were transfected with 
pTWU54 and the plasmid containing the N or G gene followed 
by immunoprecipitation with the polyclonal antibody, both the 
N and G genes appeared to be expressed, since both G and N 
proteins were immunoprecipitated (Fig. 3A, lanes 4 and 5). No 
L nor P protein was detected in similar experiments (data not 
shown), probably because the polyclonal antibody used did not 
immunoprecipitate these proteins very effectively. 

Similar results were obtained when COS cells were used in 
the double transient transfections instead of BHK cells. The N 
and G genes were obviously expressed (Fig. 3B, lanes 4 and 5), 
and a small amount of P protein (Fig. 3B, lane 9) was also 
detected in these cells. It is not known whether the L gene was 
expressed in these cotransfection experiments, since the L pro- 
tein could not be detected. Therefore, the question of whether 
the L protein affects IFN transcription is still open. However, 
the L clone used in these experiments has been shown to 
complement and rescue L gene temperature-sensitive mutants 
of VSV at the nonpermissive temperature (31). No M gene 



expression was detected in either BHK or COS cells by using 
immunoprecipitation methods, confirming similar observa- 
tions reported by other laboratories (3, 4, 29). 

Effect of each of the VSV proteins on viral promoters. In 
their studies, Black and Lyles (4) examined the role of M gene 
expression on CAT reporter gene expression, using the SV40 
early (pSV2CAT) promoter. We extended these studies by 
determining the effect of cotransfection with viral genes L, N, 
P, and G on the CAT target gene under control of the CMV 
(pCEP4/CAT) and SV40 promoters. As shown in Fig. 4, lanes 
1 to 3, 5, and 6, cotransfection of the CAT reporter gene 
controlled by the CMV promoter with pJC119 or viral gene G, 
L, N, or P did not inhibit CAT production. Cotransfection with 
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FIG. 4. Effect of the VSV proteins on CAT gene expression controlled by the 
CMV promoter. BHK cells were cotransfected with 8 ng of pCEP4/CAT and 3 
Hg of the viral expression vector indicated below, using the LipofectAMINE 
reagent. After transfection for approximately 40 h, cell lysates were prepared and 
their CAT activity was determined as described in Materials and Methods. The 
cotransfected viral plasmids and the amount of conversion of chloramphenicol to 
acetylated chloramphenicol were as follows: lane 1, pJC119, 90.8%; lane 2, 
pSVGL (G), 89.6%; lane 3, pSV-VSLl (L), 88.9%; lane 4, pKOM 1 (M). 14.2%; 
lane 5, pJS223 (N), 85.5%; and lane 6, pLH7 (P), 83.3%. 
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FIG. 5. Effect of the M protein from T1026R1 on the IFN and SV40 early 
promoters. (A) In lanes 1 to 3, BHK cells were transiently cotransfected with 0.4 
u.g of pTWU54 and 1.6 u.g of a viral plasmid, using LipofectAMINE. After 
approximately 40 h of transfection, cells were induced by poly(I)-poly(C) treat- 
ment as described in Materials and Methods. Cells were collected, lysed, and 
analyzed by CAT assay. In lanes 4 to 6, BHK cells were transiently cotransfected 
with 25 ng'of pSV2CAT and 3 u.g of the indicated viral plasmid. The cotrans- 
fected viral plasmids and the amounts of conversion of chloramphenicol to 
acetylated forms are as follows: lanes 1 and 4, pJC119, 10.1 and 68.0%, respec- 
tively; lanes 2 and 5, pKOM 1 (wt M), 1.0 and 3.2%, respectively; and lanes 3 and 
6, pCRl-M (+) (Rl M), 12.8 and 70.4%, respectively. (B) Immunoprecipitation 
of T1026R1 M protein in transfected BHK cells. Cells were cotransfected with 
1.25 u.g of pTWU54 and 5 fig of pCRl-M (+) for 30 h, using the Lipo- 
fectAMINE method. Cells were then labeled with 80 u.Ci of ['^methionine per 
ml for 12 h following immunoprecipitation with VSV polyclonal antibody. Lane 
1, wt virus-infected cells not immunoprecipitated; lane 2, wt virus-infected cells 
immunoprecipitated; lane 3, cells transfected with PJC119 and immunoprecipi- 
tated; lane 4, cells transfected with pCRl-M (+) and immunoprecipitated. 



the M gene, on the other hand, caused a large reduction in 
CAT activity (Fig. 4, lane 4). The same results were obtained 
when the target CAT gene was controlled by the SV40 early 
promoter instead of the CMV promoter (data not shown). 
These results demonstrated that the five VSV proteins affected 
viral and cellular promoters similarly. 

The M protein inhibited CAT activity in a gene dosage- 
dependent manner (data not shown), as previously demon- 
strated (4). 

Cloning and expression of the T1026R1 M gene. If the VSV 

M protein were responsible for the inhibition of IFN expres- 
sion in wt virus-infected cells and our cotransfection experi- 
ments were an accurate reflection of the events occurring in 
infected cells, then cotransfection of pTWU54 and the M gene 
from the IFN-inducing, host transcription inhibition-negative 
mutant T1026R1 should not suppress CAT activity. The effect 
of cotransfecting BHK cells with plasmids containing the wt 
VSV M gene or the mutant M gene, cloned into vector pCR3 
containing a CMV promoter, on CAT expression from either 
the IFN or the SV40 early promoter was examined. The results 
(Fig. 5A) demonstrated that expression of the M gene from the 
mutant did not result in the inhibition of CAT transcription 
from either the IFN (lanes 1 to 3) or the SV40 (lanes 4 to 6) 
promoter. The same results were obtained with plasmid pCR3 
containing the T1026R1 M gene in the noncoding orientation 
(data not shown). These results indicated that the mutant M 
protein was defective in its ability to suppress expression from 
both a cellular and a viral promoter. 

Expression of the T1026R1 M gene during cotransfection 
was verified by immunoprecipitation (Fig. 5B) and RT-PCR 



(data not shown). T1026R1 M protein was detected but at a 
rather low level. While this mutant protein was defective in 
transcription inhibition, it was like the wt protein in causing 
cytopathic cell rounding (14). The low amount of M protein 
detected may have resulted from this function of the protein. 

The nucleotide sequence of the cloned T1026R1 M gene. The 
nucleotide sequence of the cloned mutant M gene was deter- 
mined as described in Materials and Methods and aligned to 
that of the M gene from the wt Indiana HR strain of VSV. Two 
nucleotide changes were detected. Each led to amino acid 
changes. One was a methionine-to-arginine change in amino 
acid 51, and the other was an aspartic acid-to-glycine change in 
amino acid 92. Beausoleil and Poliquin (1) sequenced two 
independent fsT1026 revertants and found only the one change 
in amino acid 51. As discussed later, the mutation in position 
51 is the same as that found by Coulon et al. (12) in mutant 
to082, which is defective in host transcription inhibition. 
Whether the mutation in amino acid 92 is an independent 
mutation of T1026R1 arising in our laboratory after many 
passages of the original stock virus or an artifact produced 
during the PCR step has yet to be determined. 

DISCUSSION 

In this study, three points were considered: the effect of the 
wt VSV M protein on transcription of a target gene from a 
cellular (IFN) promoter, the cloning and sequencing of the M 
gene from the IFN-inducing VSV mutant T1026R1, and the 
effect of this mutant M protein on transcription from both 
cellular and viral promoters. 

Lack of promoter specificity. The M protein has been shown 
to be a very powerful inhibitor of transcription of target genes 
controlled by various viral promoters (4, 29). These studies 
demonstrated that expression of the CAT reporter gene from 
a cellular promoter was as susceptible to this inhibitor of tran- 
scription as expression from viral promoters. This finding sug- 
gests that the M protein acts on the general transcription 
apparatus and does not possess specificity in the regulation of 
viral and cellular (at least the IFN) promoters. This result was 
of particular interest because the IFN promoter could have 
been regulated differently from viral promoters as a result of 
the major role that IFN plays in host cell defense against viral 
infection. 

This finding, however, does not preclude the possibility that 
VSV affects host transcription differentially from specific pro- 
moters by other mechanisms. Indeed, a nuclear protein that 
binds specifically to IFN-stimulated response elements (ISRE) 
is activated shortly after L.929 cells are infected with VSV or 
are treated with poly(I)-poly(C) (7). Activation in the former 
case requires VSV primary transcription and tyrosine kinase 
activity (7). What is interesting about this finding is that while 
transcription of a reporter gene not containing ISRE in its 
promoter was severely inhibited in VSV-infected cells as a 
result of host transcription shutoff (presumably by the M pro- 
tein), transcription of the same reporter gene attached to ISRE 
was much less reduced (7). Presumably, the VSV-activated 
ISRE-binding protein was responsible for the differential sen- 
sitivity of these two genes to transcription inhibition. 

The viral G, N, and P proteins did not possess the potent 
transcriptional inhibitory properties of the M protein, as mea- 
sured by CAT assays (Fig. 2 and 4). This was true even when 
equal molar concentrations of the viral DNAs were used in the 
transfections (data not shown). 

The human IFN-(J promoter used in these experiments con- 
tained positions -286 to +67 of the regulatory DNA region 
(38). This region encompasses all known major promoter ele- 
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ments, including the high-mobility-group binding sites (13). 
Positions -125 to -38 of the IFN-0 promoter region (relative 
to the cap site) are considered to comprise the minimal se- 
quence required for full IFN induction by virus infection or 
poly(I)-poly(C) treatment (15). 

Cloning of the T1026R1 M gene. The cloning and sequenc- 
ing of the T1026R1 M gene provided interesting results as to 
which amino acid was responsible for the lack of inhibition of 
transcription in cells infected by this virus. Comparison of the 
sequence of the cloned T1026R1 M gene with that of its wt 
parent indicated two amino acid changes. Interestingly, the 
methionine-to-arginine change in amino acid 51 was the same 
as that found in mutant /s082, which is defective in transcrip- 
tion inhibition in chicken embryo fibroblasts at the nonpermis- 
sive temperature (12). This mutant is also an excellent inducer 
of IFN at the nonpermissive temperature in chicken embryo 
fibroblasts and other cell lines (24). The importance of amino 
acid 51 in transcription was demonstrated by the isolation of 
temperature-resistant revertants of W082 in which the wt phe- 
notype in terms of host transcription inhibition and IFN in- 
duction was reestablished (12, 24). The M gene from the re- 
vertant had the same sequence as the original wt M gene from 
which the tt082 mutant was derived (12). 

Black et al. (3) reconstructed the methionine-to-arginine 
change in the M gene from mutant «082 in an experimental M 
gene and found that in cotransfections with the CAT reporter 
gene, it had no effect on transcription of the reporter gene but 
behaved like the wt gene in its ability to function in virus 
assembly. Together, these data suggest that amino acid 51 in 
the M protein plays an important role in the ability of the M 
protein to inhibit host transcription. 

Lack of inhibition of transcription by the cloned T1026R1 M 
gene. The M protein from mutant T1026R1 did not inhibit 
expression of CAT from either the IFN promoter or the SV40 
promoter (Fig. 5). This finding is consistent with the finding 
that this mutant does not inhibit host cell transcription until 
relatively late in the infection. Although expression of the 
T1026R1 M gene was detected by both RT-PCR and iramu- 
noprecipitation, it was not as abundantly expressed as some of 
the other VSV genes, which was rather surprising since it had 
little effect on host transcription. We attributed this to the 
cytopathic cell rounding function of the M protein, which is 
like that of the wt protein in this mutant. 

Relationship of the inhibition of IFN gene expression by M 
protein to the regulation of IFN induction in wt VSV-infected 
cells. The results reported in this study demonstrated that the 
M protein inhibited gene expression from the IFN promoter in 
BHK and COS-1 cells. The question that we pose is whether 
the M protein regulates IFN gene expression in wt virus-in- 
fected cells. Virus induction of the IFN-p promoter is a mul- 
tistep process requiring the synergistic interactions between 
distinct virus-inducible elements and several different tran- 
scription factors, including HMG1(Y), NF-kB, and ATF-2 
(13). In theory, any of the steps leading to activation of this 
promoter could be modified or inactivated by virus infection 
even before the full transcription complex is assembled. The 
experimental approach used in this study bypassed an essential 
step in the virus-directed activation of the IFN gene. The IFN 
gene promoter was induced with poly(I)-poly(C) or by infec- 
tion with VSV mutant T1026R1. While IFN is induced under 
these conditions, the control of IFN induction in cells infected 
by the wt virus is more complex. 

In wt VSV-infected cells, viral gene products may interact 
with cellular factors to provide levels of IFN promoter regu- 
lation that would not have been evident in the experiments in 
this report. For example, activation of transcription factor NF- 



kB, which entails its translocation to the nucleus (reviewed in 
reference 17), is one of the first steps in IFN gene induction 
(13). In mouse L cells infected with VSV mutant T1026R1, 
NF-kB is activated within the first 30 min to 1 h after virus 
adsorption (6). In contrast, there is a delay of up to at least 4 h 
in cells similarly infected with wt VSV. By the time NF-kB is 
activated in this latter case, host transcription is inhibited to an 
extent that any gene transcription, including IFN gene tran- 
scription, is precluded. Some evidence exists that cells infected 
with wt VSV may contain an inhibitor of NF-kB activation. 
Preliminary data suggest that the inhibitor may be different 
from the general transcriptional inhibitor (M protein) dis- 
cussed in this report, based on UV target size analysis (6). The 
nature and role of this NF-kB activation inhibitor is not known 
at this time, but it may contribute to the overall regulation of 
IFN induction. These results suggest that the IFN gene may be 
regulated at both induction and transcription levels. Mutant 
T1026R1 may have defective genes that act at both of these 
levels. 

A great deal of our knowledge about the regulation of IFN 
by VSV derives from studies done in aged primary chicken 
embryo cells. Because there are significant differences in how 
VSV affects the process of IFN induction in avian and mam- 
malian cells (26, 37), it is particularly difficult to compare 
results obtained in these two cell types. Indeed, studies by 
Marcus et al. (24) suggest that the M protein is not involved in 
the regulation of IFN gene expression in primary chicken em- 
bryo cells. They compared the abilities of different field isolates 
of VSV to induce IFN in these avian cells and found that one 
isolate (22-20) was an excellent inducer of IFN whereas an- 
other isolate (22-25) did not induce IFN, yet the M gene 
sequence was identical in the two isolates. In mouse L cells, 
isolate 22-25 also did not induce IFN, but in contrast to avian 
cells, isolate 22-20 induced only a very small amount of IFN 
(33). 

Since chicken embryo fibroblasts are sensitive to the effects 
of M protein on host transcription (12), the fact that IFN 
induction occurs in cells infected with isolate 22-20, which has 
a wt M gene, is a paradox. These data could be explained if, 
indeed, two VSV genes, including the M protein gene, are 
involved in the control of IFN gene transcription. While VSV 
mutant T1026R1 may be defective in both genes, as argued 
above, isolate 22-20 may be defective in only one, the one 
responsible for limiting IFN induction at an early step of tran- 
scription. Why the M protein does not prevent transcription of 
the IFN gene after this step in chicken embryo fibroblasts 
could be explained if the rate of host transcription inhibition 
were slow in comparison to the rate of transcription initiation 
complex formation (induction). In mouse L cells, host tran- 
scription inhibition is so rapid that even if the early steps of 
transcription were to take place, transcription of the IFN gene 
would be precluded. As mentioned above, very little IFN was 
induced by isolate 22-20 in these cells (33). 

In sum, this report represents the first demonstration that 
the M protein from wt VSV indiscriminately inhibits reporter 
gene transcription from cellular and viral promoters and that a 
mutant M protein from VSV T1026R1 with a methionine-to- 
arginine change in position 51 of the protein is no longer active 
in this capacity. While the results presented are consistent with 
a role of M protein in IFN gene regulation in VSV-infected 
mammalian cells, specific regulation of the IFN gene promoter 
probably occurs at another step in transcription. 
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Guide for Authors 

AIMS AND SCOPE 

Virology publishes the results of original basic research on viruses of animals (vertebrate and invertebrate), 
plants, bacteria, and yeasts/fungi. We invite articles on all areas of research, including virus replication and 
gene expression, virus structure and assembly (including atomic structure), virus-cell interaction (including 
cellular changes as a consequence of viral infection), viral pathogenesis and immunity (at both molecular and 
organismal levels), viral vectors/gene therapy, and molecular aspects of prevention of viral infection. Papers 
describing results on emerging viruses and unconventional agents will receive special attention. 

EDITORS 

The editors and their areas of responsibility are given here 
CATEGORIES AND TYPES OF ARTICLES 

Papers will be published in Virology under one of the following subheadings: 

• Virus Replication/Gene Expression 
. • Virus Structure and Assembly 

• Virus-Cell Biology 

• Viral Pathogenesis and Immunity 

• Gene Therapy/Viral Vectors 

• Emerging Viruses/Unconventional Agents 

Virology publishes three forms of manuscripts: (a) regular manuscripts, including short but complete studies; 
(b) rapid communications; and (c) minireviews. 

Regular manuscripts present the results of original basic research in all areas of virology (above) that break 
new ground and serve as a valuable addition to the literature in the field. 

A Rapid Communication is a brief, definitive report of highly significant and timely findings in the field. Authors 
should indicate the submission as such, and if on preliminary inspection the editor believes the paper is of a 
nature to warrant this category, the paper will receive very rapid review and, if acceptable, will be published 
within an average of 8 weeks from receipt. 

Minireviews bring cutting-edge developments and themes in the field to virologists, postdoctoral fellows, 
graduate students, and others interested in the field. The goal of these minireviews is to focus on a sharply 
defined topic in an interesting area in virology or on recent research (such as two or three papers coming in a 
specific area of virology). The objective is to make the information accessible to researchers who work in other 
areas of virology. Minireviews should be pithy, that is, should not cover the field in question comprehensively 
but rather address fundamental concepts, challenges, and problems. in the field. In summary, virologists and 
others, both directly in and outside the area of the minireview, should benefit from reading these minireviews. 
The minireviews should provide a critical view of the field. Minireviews would also be an appropriate forum for 
introducing new viewpoints, indicating important issues to be addressed, and challenging concepts. 

SPEED OF PUBLICATION 

Peer Review Process: Each editor is responsible for having manuscripts reviewed and for making the final 
decision concerning the disposition. Each manuscript is reviewed by at least two reviewers. All manuscripts are 
reviewed as rapidly as possible, and an editorial decision is usually reached within 4 to 5 weeks of the 
manuscript's submission. 

Publication Schedule: Accepted manuscripts are usually published in print within 12-14 weeks of acceptance, 
and within 4-5 weeks from receipt of authors corrected proofs. Please note that early publication online may 
occur within days, of receipt of corrected proofs. 

EDITORIAL POLICIES 

There are no page charges for publication in Virology. 

Authors should understand that space limitations make it impossible to publish manuscripts that describe work 
that does not break new ground conceptually, particularly if the work merely mirrors work done on a closely 
related virus without adding significant new knowledge, such as partial sequences of related viruses, 
evolutionary studies based on partial sequences, or descriptions of antigenic relationships and epitopes. 
Exceptions will be made, however, if these data reveal new insights into the fundamental properties of the 



Submission of an article implies that the work described has not been published previously (except in the form 
of an abstract or as part of a published lecture or academic thesis), that it is not under consideration for 
publication elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible 
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere in the same 
form, in English or in any other language, without the written consent of the Publisher. 



2 of 7 



7/13/2005 2:40 PM 



Author" Gateway Guide for Authors 



htrp://aurhors.elsevierxom/GuideForAuthors.htrnl?PubID=622952&... 



Publication of a research article in Virology is taken to imply that the authors are prepared to distribute freely 
to academic researchers for their own use any materials (e.g., viruses, cells, DNA clones, antibodies) used in 
the published experiments. Prior to publication, nucleotide sequences and protein sequences must be deposited 
with GenBank (Web site: http://www.ncbi.nlm.nih.gov/Genbank/ ) and an accession number obtained for 
publication in the manuscript. X-ray crystallographic coordinates must be deposited with the Protein Data Bank 
(Web site: http://www.rcsb.org/pdb/ ). 

Upon acceptance of an article, authors will be asked to transfer copyright (for more information on copyright, 
see http://authors.elsevier.com ). This transfer will ensure the widest possible dissemination of information. A 
letter will be sent to the corresponding author confirming receipt of the manuscript. A form facilitating transfer 
of copyright will be provided after acceptance. • 

If material from other copyrighted works is included, the author(s) must obtain written permission from the 
copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for use by authors in 
these cases: contact Elsevier Global Rights Department, P.O. Box 800, Oxford 0X5 1DX, UK; phone: (+44) 
1865 843830, fax: (+44) 1865 853333, e-mail: permissions@elsevier.com . Requests may also be completed 
on-line via the Elsevier, home page ( http://www.elsevier.com/locate/permissions ). 

NEW! 

SUBMISSION OF MANUSCRIPTS 

Authors are requested to submit their papers electronically by using online manuscript submission available at 
http://ees.elsevier.com/viro . This site will guide authors stepwise through the submission process. Authors can 
upload their articles as Microsoft (MS) Word, WordPerfect, or LaTeX files. It is also possible to submit an article 
in PostScript or Adobe Acrobat PDF format, but if the article is accepted, the original source files will be needed. 
If you submit a word processing file, the system generates an Adobe Acrobat PDF version of the article, which 
is used for the reviewing process. 

The above represents a very brief outline of this form of submission. It can be advantageous to print this Guide 
for Authors section from the site for reference in the subsequent stages of article preparation. 

Submission Checklist: You will be asked to submit: 

• Cover Letter: Document (Word, WordPerfect, RTF, PDF, LaTeX) containing your cover letter to the 
Editors. 

• Response to Reviews (Resubmissions Only): Document (Word, WordPerfect, RTF, PDF, LaTeX) 
detailing your response to the reviewers' and editor's comments of a previously rejected manuscript 
that you are resubmitting. 

• Manuscript: Single word processing (Word, WordPerfect, RTF) or LaTeX file consisting of the title page, 
abstract, manuscript text, and any figure/table legends. 

• Tables: Tables should be separate from the manuscript text and can be uploaded individually or 
consolidated into a single file. The file description you input when uploading your table must include the 
table number or range (e.g., Table 1, Tables 2-4). 

• Figures; Figures should be uploaded individually as TIF or EPS files. Although other figure formats are 
allowed by the system (GIF, JPEG, Postscript, PICT, PDF, Excel, and PowerPoint), they will delay the 
production process should your manuscript be accepted. The file description you input below when 
uploading your figure must include the figure number (e.g., Fig. 2A). 

Please submit, with the manuscript, the names and addresses of up to 6 potential referees. 

FORMATS AND MANUSCRIPT STYLE 

It is important that the file be saved in the native format of the word processor used. The text should be in 
single-column format. Keep the layout of the text as simple as possible. Most formatting codes will be removed 
■ and replaced during typesetting. In particular, do not use the word processor's options to justify text or to 
hyphenate words. However, do use boldface, italics, subscripts, superscripts, etc. Do not embed graphically 
designed equations or tables, but prepare these using the word processor's facility. When preparing tables, if 
you are using a table grid, use only one grid for each individual table and not a grid for each row. If no grid is 
used, use tabs, not spaces, to align columns. To avoid unnecessary errors you are strongly advised to use the 
spell checking function of your word processor. See also the section on preparation of electronic illustrations. 

Authors in Japan kindly note that, upon request, Elsevier Japan will provide a list of people who can check and 
improve the English of an article (before submission). Please contact our Tokyo office: Elsevier, 4F 
Higashi-Azabu, 1 Chome Bldg., 1-9-15 Higashi-Azabu, Minato-ku, Tokyo 106-0044, Japan; tel.: 
+81-3-5561-5032; fax: +81-3-5561-5045; e-mail: ip.info@elsevier.com. 

ORGANIZATION AND GENERAL STYLE OF MANUSCRIPTS 

Manuscripts should be written as concisely as possible with minimum repetition between Results and Discussion 
and Materials and Methods and figure legends. All figures must be of a quality such that the reviewers can 
judge the data. 

(a) Regular Manuscripts 
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The organization shown below should be followed (in the order given): 
The title page should contain the following elements: 

The title should be concise and informative. Titles are often used in information-retrieval systems. Avoid 
abbreviations and formulas where possible. 

Author names and affiliations. Where the family name may be ambiguous (e.g., a double name), please 
indicate this clearly. Present the authors' affiliation addresses (where the actual work was done) below the • 
names. Indicate all affiliations with a lowercase superscript letter immediately after the author's name and in 
front of the appropriate address. Provide the full postal address of each affiliation, including the country name, 
and, if available, the e-mail address of each author. 

Corresponding author. Clearly indicate who is willing to handle correspondence at all stages of refereeing and 
publication, also postpublication. Ensure that telephone and fax numbers (with country and area code) are 
provided in addition to the e-mail address and the complete postal address. 

Present/permanent address. If an author has moved since the work described in the article was done, or was 
visiting at the time, a present address (or permanent address) may be indicated as a footnote to that author's 
name. The address at which the author actually did the work must be retained as the main, affiliation address. 
Superscript Arabic numerals are used for such footnotes. 

Abstract. A concise and factual abstract is required (maximum length 150 words). The abstract should 
summarize the main findings of the paper. An abstract is often presented separate from the article, so it must 
be able to stand alone. References should therefore be avoided, but if essential, they must be cited in full, 
without reference to the reference list. 

Keywords. Immediately after the abstract, provide a maximum of 10 keywords, avoiding general and plural 
terms and multiple concepts (avoid, for example, 'and', 'of). Be sparing with abbreviations: only abbreviations 
firmly established in the field may be eligible. These keywords will be used for indexing and searching 
purposes. 

The Introduction should be succinct with no subheadings. It should contain material directly relevant to the 
research that is described and should state clearly the aims of the investigation in the light of related work. Fair 
citation of the work of others is essential. Authors are asked to use nomenclature approved by the International 
Committee for the Taxonomy of Viruses (ICTV) (Web site: http://www.ncbi.nlm.nih.gov/) the first time a virus 
name appears. Commonly used vernacular names may be used after viruses are first correctly identified. 
Genetic loci should be italicized; protein products of the loci are not italicized. 

Results and Discussion may be divided by subheadings or may be combined into one section when 
substantial redundancy cannot be avoided in two separate sections or if a long discussion is not warranted. A 
Discussion section should be constructively interpretive and not restate experimental data. 

Materials and methods should provide sufficient information to permit the work to be repeated and should 
be kept concise by referring to previously published procedures. With increasing studies on pathogenicity of 
viruses, it is important that the provenance of viruses be stated clearly. 

Acknowledgments. Place acknowledgments, including information on grants received, before the references, 
in a separate section, and not as a footnote on the title page. 

References should include only articles that have been published or are in press. Unpublished data, submitted 
manuscripts, or personal communications should be cited within the text. Personal communications should be 
documented by a letter of permission. Abstracts of work presented at meetings many not be cited. Names of 
authors should be mentioned in the text with year of publication in parentheses. References should be listed 
alphabetically at the end of the paper. Journal names should be abbreviated according to the Chemical 
Abstracts Service index: http://www.cas.org/ . 

Text. All citations in the text should refer to: 

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of publication. 

2. Two authors: both authors' names and the year of publication. 

3. Three or more authors: first author's name followed by "et al." and the year of publication. 

Citations may be made directly (or parenthetically). Groups of references should be listed first alphabetically, 
then chronologically. 

Examples: "as demonstrated (Allan, 1996a, 1996b, 1999; Allan and Jones, 1995). Kramer et al. (2000) have 
recently shown 

List. References should be arranged first alphabetically and then further sorted chronologically if necessary. 
More than one reference from the same author(s) in the same year must be identified by the letters "a", "b", 
"c", etc., placed after the year of publication. 

Reference to a journal publication: 

Park, J., Nadeau, P.E., Mergia, A., 2002. A minimal genome simian foamy virus type 1 vector system with 
efficient gene transfer. Virology 302, 236-244. 

Reference to a book: 
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Hagag, N., Viola, M.V., 1993. Chromosome Microdissection and Cloning: A Practical Guide. Academic Press, San 
Diego. 

Reference to a chapter in an edited book: 

Mettam, G.R., Adams, LB., 1999. How to prepare an electronic version of your article. In: Jones, B.S., Smith, 
R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304. 

Citations in the text. Please ensure that every reference cited in the text is also present in the reference list 
(and vice versa). Any references cited in the abstract must be given in full. Unpublished results and personal 
communications should not be in the reference list, but may be mentioned in the text. Citation of a reference 
as "in press" implies that the item has been accepted for publication. 

Citing and listing of Web references. As a minimum, the full URL should be given. Any further information, if 
known (author names, dates, reference to a source publication, etc.), should also be given. 

Digital Object Identifier. Elsevier assigns a unique digital object identifier (DOI) to every article it publishes. The 
DOI appears on the title page of the article. It is assigned after the article has been accepted for publication 
and persists throughout the lifetime of the article. Because of its persistence, it can be used to query the 
publisher for information on the article during the production process, to find the article on the Internet through 
various Web sites, and to cite the article in academic references. When using an Elsevier article in a reference 
section, it is important to include the article's DOI in the reference, as volume and page information is not 
always available'for articles published online. When citing a journal article, include the digital object identifier 
(DOI), if noted, from the article's title page. For example: 

Duerst, R.J., Morrison, L.A., 2004. Herpes simplex virus 2 virion host shutoff protein interferes with type I 
interferon production and responsiveness. Virology, doi:10.1016/j.virol.2004.01.019. 

DNA sequences and GenBank accession numbers. Authors wishing to enable other scientists to use the 
accession numbers cited in their papers via links to these sources should type this information in the following 
manner: 

For each and every accession number cited in an article, authors should type the accession number in bold, 
underlined text . Letters in the accession number should always be capitalized (see example below). This 
combination of letters and format will enable the typesetter to recognize the relevant texts as accession 
numbers and add the required link to GenBank's sequences. 

Example: GenBank accession nos. AI631510, AI631511, AI632198 , and BF223228), a B-cell tumor from 
a chronic lymphatic leukemia (GenBank accession no. BE675048), and a T-cell lymphoma (GenBank accession 
no. AA361117 ). 

Authors are encouraged to check accession numbers used very carefully. An error in a letter or number can 
result in a dead link. 

In the final version of the printed article, the accession number text will not appear bold or underlined. In the 
final version of the electronic copy, the accession number text will be linked to the appropriate source in the 
NCBI databases, enabling readers to go directly to that source from the article. 

Tables should be separate from the manuscript text and numbered consecutively in accordance with their 
appearance in the text. Tables can be uploaded individually or consolidated into a single file. The file description 
you input below when uploading your table must include the table number or range (e.g., Table 1, Tables 2-4). 
Place footnotes to tables below the table body and indicate them with superscript lowercase letters. Avoid 
vertical rules. Be sparing in the use of tables and ensure that the data presented in tables do not duplicate 
results described elsewhere in the article. 

Figure legends should contain a brief description of the experiment performed so that the figure can be 
understood without reference to the body of the text. However, the legend should not repeat Materials and 
Methods or contain interpretive statements. 

Figures. Number the illustrations according to their sequence in the text. Figures intended to be montages of 
separate panels should be assembled into one figure by the authors. A set of figures, particularly for montages 
of electron micrographs, can be submitted and labeled as such. Please visit our Web site at 
http://authors.elsevier.com/artwork for detailed instructions on preparing electronic artwork. You are urged to 
visit this site; some excerpts from the detailed information are given here. 

Formats. Regardless of the application used, when your electronic artwork is finalized, please "save as" or 
convert the images to one of the following formats. (Note the resolution requirements for line drawings, 
halftones, and line/halftone combinations given below.) 

EPS: Vector drawings. Embed the font or save the text as "graphics." 

TIFF: Color or gray-scale photographs (halftones): always use a minimum of 300 dpi. 

TIFF: Bitmapped line drawings: use a minimum of 1000 dpi. 

TIFF: Combinations bitmapped line/halftone (color or gray scale): a minimum of 500 dpi is required. 
DOC, XLS, or PPT: If your electronic artwork is created in any of these Microsoft Office applications, please 
supply "as is." 
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Please do not: . 

• Supply embedded graphics in your word processor (spreadsheet, presentation) document. 

• Supply files that are optimized for screen use (such as GIF, BMP, PICT, WPG); the resolution is too low. 

• Supply files that are too low in resolution. 

• Submit graphics that are disproportionately large for the content. 

Color figures. One color figure will be published free of charge in each article, provided that color is deemed 
necessary by the editor. Additional color figures will be charged to the author. However, if together with your 
accepted article, you submit usable color figures, then Elsevier will ensure, at no additional charge, that these 
figures will appear in color on the Web (e.g., ScienceDirect and other sites) regardless of whether these 
illustrations are reproduced in color in the printed version. For color reproduction in print, you will receive 
information regarding the costs from Elsevier after receipt of your accepted article. For further information on 
the preparation of electronic artwork, please see http://authors.elsevier.com/artwork . [Please note: Because of 
technical complications that can arise in converting color figures to "gray scale" (for the printed version should 
you not opt for color in print), please submit in addition usable black-and-white files corresponding to all the 
color illustrations.] 

Preparation of supplementary material. Elsevier now accepts electronic supplementary material to support 
and enhance your scientific research. Supplementary files offer additional possibilities for publishing supporting 
applications, movies, animation sequences, high-resolution images, background datasets, sound clips, and 
more. Supplementary files supplied will be published online alongside the electronic version of your article in 
Elsevier Web products, including ScienceDirect ( http://www.sciencedirect.com ). To ensure that your submitted 
material is directly usable, please ensure that data are provided in one of our recommended file formats. 
Authors should submit the material in electronic format together with the article and supply a concise and 
descriptive caption for each file. For more detailed instructions please visit our artwork instruction pages at the 
Author Gateway at http://authors.elsevier.com/artwork . For further advice, please contact the Editorial Office 
(e-mail: viroloqy@elsevier.com ; telephone: (619) 699-6394; or fax: (619) 699-6211). 

(b) Rapid Communications 

Manuscripts in general should be no longer than 12 double-spaced typewritten pages, containing an abstract of 
approximately 100 words, a one-paragraph introduction, Results, a concise Discussion section, and an 
abbreviated Materials and Methods section. A maximum of 20 references and four items for the display of data 
(any combination of figures and tables) will be allowed. 

Rapid Communications will be reviewed within 1 to 2 weeks. No significant revisions will be permitted. PDF 
proofs will be e-mailed to authors. Corrections must be returned with 48 hours. Rapid communications will 
appear in a special section at the front of the journal. Rapid communications are distinct from the previously 
published "short communications." This category is not intended for reporting preliminary studies or brief 
studies of a descriptive nature. 

(c) Minireviews 

The minireviews will be short (2-4 pages). Inclusion of figures/cartoons to illustrate points is strongly 
encouraged. The minireview should also direct the reader to a few key papers in the field, which come under 
the heading "Selected Reading." There is no formal Reference section. 

Cover illustrations 

Authors are encouraged to submit interesting figures for possible publication on the front cover of an issue of 
this journal; the figure should be related to the author's article. 

MANUSCRIPT CHECKLIST 

It is hoped that this list will be useful during the final checking of an article prior to submitting it to the journal 
for review. 

• Ensure that the following items are present: 

• One author designated as corresponding author 

• E-mail address 

• Full postal address 

• Telephone and fax numbers 

• All necessary files have been uploaded 

• Keywords 

• All figure captions 

• All tables (including title, description, footnotes) are provided 
Further considerations 

• Manuscript has been "spell-checked." 

• References are in the correct format for this journal. 

• All references mentioned in the Reference list are cited in the text, and vice versa. 

• Permission has been obtained for use of copyrighted material from other sources (including the Web). 
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• Color figures are clearly marked as being intended for color reproduction on the Web (free of charge) 
and in print or to be reproduced in color on the Web (free of charge) and in black-and-white in print. If 
only color on the Web is required, black-and-white versions of the figures are also supplied for printing 
purposes. 

For any further information please contact the Author Support Department at authorsupport@elsevier.com. 



One set of page proofs in PDF format will be sent by e-mail to the corresponding author, to be checked for 
typesetting/editing. No changes in, or additions to, the accepted (and subsequently edited) manuscript will be 
allowed at this stage. Authors are requested to return proof corrections within 72 hours of receipt in order to 
expedite publication. It is important to ensure that all of your corrections are sent back to us in one 
communication. Subsequent corrections will not be possible, so please ensure your first sending is complete. 
Note that this does not mean you have any less time to make your corrections, just that only one set of 
corrections will be accepted. 
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Cancer models 



^Systems for Identifying New 
Drugs Are Often Faulty 



Screening potential anticancer drugs sounds 
easy. Just take a candidate drug, add it to a 
tumor type of choice, and then monitor 
whether the agent kills the cells or inhibits 
cancer growth. Too bad it hasn't been that 
simple. Even as investigators try to develop a 
new generation of more effective and less 
toxic anticancer drugs that directly target 
the gene changes propelling cells toward un- 
controllable division (see p. 1036), they face 
a long-standing problem: sifting through po- 
tential anticancer agents to find ones 
promising enough to make human clinical 
trials worthwhile. 

Indeed, since formal screening began in 
1955, many thousands of drugs have shown 
activity in either cell or animal models, but 
only 39 that are used exclusively for che- 
motherapy, as opposed to supportive care, 
have won approval from the U.S. Food and 
Drug Administration. "The fundamental 
problem in drug discovery for cancer is that 
the model systems are not predictive at 
all," says Alan Oliff, executive director for 
cancer research at Merck Research Labora- 
tories in West Point, Pennsylvania. 

' Pharmaceutical companies often test drug 
candidates in animals carrying transplanted 
human tumors, a model called a xenograft. 
But not only have very few of the drugs 
that showed anticancer activity in xeno- 
grafts made it into the clinic, a recent study 
conducted at the National Cancer Institute 
(NCI) also suggests that the xenograft mod- 
els miss effective drugs. The animals appar- 
ently do not handle die drugs exactly the way 
the human body does. And attempts to use 
human cells in culture don't seem to be faring 
any better, partly because cell culture pro- 
vides no information about whether a drug 
will make it to the tumor sites. . 

The pressure is on to do better. So re- 
searchers are now trying to exploitYecent dis- 
coveries about the subtle genetic and cellular 
changes that lead a cell toward cancer to cre- 
ate cultured cells or animal models that accu- 
rately reproduce these changes. "The real 
challenge for the 1990s is how to maximize 
our screening systems so that we are using the 
biological information that has accumulated," 
says Edward Sausville, associate director of the 
division of cancer treatment and diagnosis for 
the developmental therapeutics program at 
' the NCI. "In short, we need to find faithful 
representations of carcinogenesis." 

The first efforts to do so date back to the 
end of World War II, when hints began 



emerging that some chemicals might have 
cancer-fighting effects. That evidence en- 
couraged many chemists to explore the anti- 
cancer potential of similar agents shelved in 
their laboratories. And after commercial in- 
terests decided against helping the academ- 
ics set up an efficient way to screen their 
chemicals, the NCI stepped in. 

The institute started by pulling together 
mouse models of three tumors: a leukemia, 
which affects blood cells; a sarcoma, which 
arises in bone, muscle, or connective tissue; 
and a carcinoma, the most common type of 
cancer, which arises in epithelial cells and 
includes such major killers as breast, colon, 
and lung cancers. Ini- 
tially, many of the agents 
tested in these models ap- 
peared to do well. How- 
ever, most worked against 
blood cancers such as leu- 
kefnia and lymphoma, as 
opposed to the more com- 
mon solid tumors. And 
when tested in human can- 
cer patients, most of these 
compounds failed to live up 
to their early promise. 

Researchers blamed the 
failures on the fact that 
the drugs were being tested 
against mouse, not human, 
tumors, and beginning in 
1975, NCI researchers 
came up with the xenograft 
models, in which invest iga- 
tors implant human tumors 
underneath the skin of mice 
with faulty immune sys- 
tems. Because the animals n ot a matched pair. In the 
can't reject the foreign tis- clonogenic assay (top), tumor cells 
sue, the tumors usually with (+/+) and without the p21 
grow unchecked, unless qene responded similarly to radia- 
stopped by an effective ,n mlce ' p ,umors 

drug. But the results of 
xenograft screening turned 
out to be not much better than diose obtained 
with the original models, mainly because the 
xenograft tumors don't behave like naturally 
occurring tumors in humans — they don't 
spread to other tissues, for example. Thus, 
drugs tested in the xenografts appeared effec- 
tive but worked poorly in humans. "We had 
basically discovered compounds that were 
good mouse drugs rather than good human 
drugs," says Sausville. 

The xenograft models may also have 



missed effective drugs. When Jacqueline 
Plowman's team at NCI tested 12 antican- 
cer agents currently used in patients against 
48 human cancer cell lines transplanted in- 
dividually into mice, they found that 30 of 
the tumors did not show a significant re- 
sponse—defined as shrinking by at least 
50%— to any of the drugs. 

Researchers have not yet figured out why 
so many of the xenografts were ins«nsitive to 
the drugs. But the NCI team says that the 
result means that drugs would have to be 
screened against six to 1 2 different xenografts 
to make sure that no active anticancer drugs 
were missed. That's an expensive proposition, 
as the average assay costs about $1630 when 
performed by the government and $2900 
when done commercially. "I cannot get on 
my pulpit and say that the way we are doing 
this is the best way, because I don't think 
there is a good way to do it," says Sausville. 

To create better models of cancer devel- 
opment in humans, investigators are now 
drawing on the growing 
I knowledge of human 
| t: cancer-related gene mu- 
S tations. They are geneti- 
u cally altering mice so that 
| they carry the same kinds 




| of changes — either ab 
- normal activation of 
cancer-promoting onco- 
genes or loss of tumor- 
suppressor genes — that 
lead to cancer in humans. 
The hope is that the mice 
will develop tumors that 
behave the same way the 
human tumors do. 

So far, the results 
from these mouse models 
have been mixed, how- 
ever. One mutant mouse 
strain, for example, lacks 
a working APC gene, a 
tumor suppressor that 
leads to colon cancer 
when lost or inactivated. 
This mouse seems to do 
well at re-creating the 
early signs of colon can- 
cer. But in the later stages 
of the disease, the type of 
mutations in the tumors 
begin to diverge from those in human colon 
cancer, and the disease manifests itself differ- 
ently as well. It spares the liver, for example, 
unlike the human cancer. 

Other new mouse models have fared even 
worse. Take the one in which the retino- 
blastoma (RB) tumor-suppressor gene was 
knocked out. In humans, loss of RB leads to a 
cancer in the retina of the eye. But when the 
gene is inactivated in mice, the rodents get 
pituitary gland tumors. And BRCAI knock- 
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outs— which are supposed to simulate human 
breast and ovarian cancer — don't get any tu- 
mors at all. "One might expect that these 
animals would also mimic human symptoms, 
not just the genetic mutations," says molecu- 
lar biologist Tyler Jacks of the Massachusetts 
Institute of Technology. "In fact, that is usu- 
ally the exception, not the rule." 

Why gene knockouts in mice have effects 
so different from those of the corresponding 
mutations in humans is unclear. One possibil- 
ity is that in mice, other genes can compensate 
for a missing gene, such as BRCAJ . Another, 
says Jacks, is that "the genetic wiring for 
growth control in mice and hu- 
mans is subtly different." 

The limitations of animal 
models have spurred the NCI, 
among others, to test drug can- 
didates in cultures of human 
cells. The institute now relies 
on a panel of 60 human tumor 
cell lines, including samples of 
all the major human malignan- 
cies. Drugs to be tested are fed to 
subsets of the panel, based on 
tumor cell type, and their cell- 
killing activity is monitored. 

Over the last 7 years, the 
panel has been used to screen 
almost. 63,000 compounds, and 
5000 have exhibited tumor cell-killing ac- 
tivity. But that has created another dilemma, 
because so many compounds show antitumor 
cell activity in culture, and the cost of bring- 
ing them all to clinical trials — where most 
don't work anyway — would be daunting. As 
Sausville asks: "How do you prioritize so 
many compounds for clinical trials?" For 
that, the NCI uses a computer database to 
' sift through past antitumor agents and look 
for only those compounds with novel mecha- 
nisms of action. Computer screening has 
whittled the number of promising agents 
down to about 1200, according to Sausville. 

Those compounds are then tested in what 
is known as a hollow fiber model, in which 
tiny tubes filled with tumor cells are im- 
planted into mice in a variety of sites. By 
monitoring the tumor cell-killing effects of 
drugs on the implants, researchers can test 
which drugs actually make it to the tumor sites 
when the drugs are administered in different 
ways: intravenously versus orally, for example. 
Sausville cautions, however, that it's still too 
early to tell how predictive these screens are, 
because only a few of the drugs tested have 
gone far enough to show efficacy in humans. 

Both drug screeners and doctors also use 
another cell culture method, the so-called 
clonogenic assay, to sift through potential 
anticancer drugs. They grow cell lines or a 
patient's tumor cells in petri dishes or cul- 
ture flasks and monitor the cells' responses 



genie assays have their problems, too. Some- 
times they don't work because the cells sim- 
ply fail to divide in culture. And the results 
cannot tell a researcher how anticancer drugs 
will act in the body. 

What's more, new results from Bert Vo- 
gektein's group at Johns Hopkins University 
School of Medicine add another question 
mark about the assay's predictive ability. Todd 
Waldman, a postdoc in the Vogelstein labo- 
ratory, found that xenografts and clonogenic 
assays deliver very different messages about 
how cancer cells lacking a particular gene, 
p21, respond to DNA-crippling agents. 



1 ~ TESTING THE XENOGRAFT ASSAY 1 


Type Cell 
ol Lines 
Cancer tested 


% of Tumors Responding to Drugs 
Minimal Response Significant Response 
( < 40% shrinkage) ( > 50% shrinkage) 


Colon 9 




5% 


Lung, non-small cell 7 
Breast 6 
Ovarian 3 
Renal 6 


49% 
51% 
35% 
43% 


8% 
19% 



to various anticancer treatments. But clono- 



Radiation, like many of the drugs used to 
treat cancer, works by damaging the cells' 
DNA. This either brings cell replication to a 
halt or triggers a process known as apoptosis in 
which the cells essentially commit suicide. 
Waldman wanted to see how p2 1 , one of the 
genes involved in sensing the DNA damage 
and halting cell replication, influences that 
response to radiation. 

In the mouse xenograft assay, Waldman 
and his colleagues found that the radiation 
cured 40% of the tumors composed of celb 
lacking p2 1 , while tumors made of cells carry- 
ing the gene were never cured. But this differ- 
ence was not apparent in the clonogenic as- 
say, where the radiation appeared to thwart 
the growth of both dispersed tumor cell types. 
"We showed this gross difference insensitivity 
in real tumors in mice and in the clonogenic 
assay," Waldman says. 

He suggests that the different responses in 
the two systems have to do with the fact that 
a subset of p2I mutants die in response to 
radiation, while cells with the normal gene 
merely arrest cell division. Either way, the 
dispersed tumor cells in the clonogenic assay 
will fail to grow. However, in the xenograft 
tumors, which consist of many cells in a solid 
mass, the arrested, but nonetheless living, 
p2I *" tumor cells may release substances that 
encourage the growth of any nearby tumor 
cells that escaped the effects of the radiation. 
But tumor cells lacking the p2 1 gene die, and 
because dead cells cannot "feed" neighboring 



tumor cells, the entire tumor may shrink. 

The finding indicates that the clonogenic 
assay can't always predict how a tumor will 
respond to a drug in an animal. Still, by link- 
ing the different responses in two models to 
the presence or absence of a specific gene 
system, the Waldman team's results help 
clarify why tumor cells might respond dif- 
ferently in culture and in animals. Indeed, 
the general idea that a tumor's drug sensi- 
tivity may be linked to the genetic muta- 
tions it carries has led others to try to use celb 
with comparable mutations to identify better 
chemotherapeutic agents. 

Leland Hartwell, Stephen 
Friend, and their colleagues at 
the Fred Hutchinson Cancer Re- 
search Center in Seattle are pio- 
neering one such effort. They are 
building on previous work in 
which Hartwell's team discov- 
ered a series of yeast genes, called 
checkpoint genes, that nor- 
mally stop cells from progressing 
through the cell cycle and divid- 
ing if they have abnormalities 
such as unrepaired DNA dam- 
age. Because mutations in check- 
point and other cell cycle- 
related genes have been linked 
to human cancers, looking for 
drugs that restore normal growth control in 
mutated yeast might be oneway to find new 
cancer therapies (see Article on p. 1064). 

The NCI is taking a similar tack. They are 
looking to see if they can reclassify the cells 
in their panel, which was set up based on 
tissue type — breast cancer versus colon can- 
cer, for example — according to the types of 
genetic defects the -cells carry. To enable 
drugs that counteract specific defects to be 
prescribed most effectively, researchers are 
also developing technologies for analyzing 
the gene defects in each patient's tumors. 
That way, if drugs that correct specific de- 
fects can be identified, they could then be 
matched to each individual's tumor cell 
makeup. "This would be so valuable," says 
Homer Pearce, vice president of cancer re- 
search and clinical investigation at Eli Lilly , 
and Co. in Indianapolis. "It would help to 
identify patients that have the greatest chance 
of benefiting from therapy, while minimiz- 
ing the number that would be exposed to a 
treatment that would not wotk." 

Indeed, Merck's Oliff says, "the future of 
cancer drug screening is turning almost ex- 
clusively toward defining molecular targets." 
If the approach works, drug developers would 
finally have an easy way to identify promis- 
ing cancer drugs, and cancer patients might 
have an array of new treatments. 

-Trisha Gura 



Trisha Gura is 



in Cleveland, Ohio. 
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SCOPE 

The Journal of Virology (JVI) is devoted to the timely 
dissemination of significant knowledge concerning the 
viruses of plants, fungi, bacteria, protozoa, and ani- 
mals. Investigators in areas of basic virology are invited 
to submit reports of original research that uses the ap- 
proaches of biochemistry, biophysics, cell biology, epi- 
demiology, genetics, genomics, immunology, molecular 
biology, morphology, proteomics, physiology, and patho- 
genesis and immunity. The original articles should contain 
experimental observations that address a hypothesis, lead 
to new concepts, and indicate new directions in research. 
Computational analyses of viruses, virus-like sequences, or 
viral proteins that advance the field are also appropriate. 
The journal will not publish papers that simply provide a new 
restriction map or nucleotide sequence; identify new immu- 
nodominant peptides representing T- or B-cell epitopes; or 
report the isolation or characterization of monoclonal anti- 
bodies, a viral variant, or a new strain or type. Such informa- 
tion or reagents must instead be used in further experimenta- 
tion to test an idea or relate a clear set of novel conclusions 
that derive from the data. 

JVI specifically encourages publications relating the 
viruses under study to their host cells or organisms. In 
recognition of this emphasis, the sections of the journal 
relating to viral pathogenesis and immunity and to virus- 
cell interactions have been specifically set aside and iden- 
tified in the table of contents. The editors wish to promote 
the publication of research done at the cell biology-virolo- 
gy-organismic biology interface. 

JVI also encourages the submission of manuscripts 
detailing studies in which viruses or viral genetic ele- 
ments are used as components of vectors for the de- 
livery of therapeutic genes into animals and plants. 
These original articles should contain experimental 
observations that lead to new concepts and under- 
standing relevant to gene delivery, regulated expres- 
sion of therapeutic genes, or viral pathogenesis. To 
promote publications in this area, the editors have estab- 
lished a section of the journal for articles relating to gene 
therapy. 

r> JVJ. encpurages manuscripts thatiinclude micrbarrays 
and vsMlar'parallel profiling ;analysesiof; viral :or 5 cellular 
gene;expre^ibn^ bepub- 
lishedjorify.tfithey. provide novel . insight into the biology 
of the 'Mms'or.;tne infected cell; or if they form the basis 
for additional experiments that provide such, insights.- It 
is expected^ that the primary data from such analyses will 
be;mco i rp6^ted.;into"the text lor'figuressqRwill.be made 
available4a^<supplementary»matenal on^the ASM, web-! 
site,\publicly 'accessible laboratory, website, or a public 
repqsit6ry.|(sucK>ias. the ■.National Center for Biptechhol? 
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ggy^Inttrma~tibn). 

ASM publishes a number of journals covering various 
aspects of microbiology. Each journal has a prescribed 
scope that must be considered in determining where to 
publish each manuscript. The following guidelines may 
be of assistance. 

(i) JVI will consider papers that describe the use of 
antiviral agents in elucidating the basic biological pro- 
cesses of viruses and host cells. Papers dealing with other 
aspects of antiviral agents and chemotherapy will be 
considered for Antimicrobial Agents and Chemotherapy. 

(ii) JVI will consider all papers dealing with the biol- 
ogy of bacteriophages. Studies involving the use of bac- 
teriophages as a diagnostic typing system will be consid- 
ered by the Journal of Clinical Microbiology. Those 
dealing with phages in relation to industrial microbiol- 
ogy will be considered by Applied and Environmental 
Microbiology. 

(iii) Manuscripts describing new methods or improve- 
ments in media and culture conditions will not be con- 
sidered by JVI unless the procedures are applied to the 
study of basic problems in virology or cell biology. Such 
manuscripts are more appropriate for Applied and En- 
vironmental Microbiology or the Journal of Clinical Mi- 
crobiology. By the same token, manuscripts dealing with 
methods for the production of monoclonal antibodies 
will not be considered unless the methods have been 
used to address fundamental questions. 

(iv) Manuscripts dealing with clinical investigations, 
excluding those concerned with the activities of antiviral 
agents, should be submitted to the Journal of Clinical 
Microbiology. Manuscripts dealing with ecology or envi- 
ronmental studies are more appropriate for Applied and 
Environmental Microbiology. 

Questions about these guidelines may be directed to 
the editor in chief of the journal being considered. 

If transfer to another ASM journal is recommended 
by an editor, the corresponding author will be contacted. 

Note that a manuscript rejected by one ASM journal 
on scientific grounds or on the basis of its general suit- 
ability for publication is considered rejected by all other 
ASM journals. 

EDITORIAL POLICY 

Use of Microbiological Information 

The Council Policy Committee (CPC) of the Ameri- 
can Society for Microbiology affirms the long-standing 
position of the Society that microbiologists will work for 
the proper and beneficent application of science and will 
call to the attention of the public or the appropriate 
authorities misuses of microbiology or of information 
derived from microbiology. ASM members are obligated 
to discourage any use of microbiology contrary to the 
welfare of humankind, including the use of microbes as 
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biological weapons. Bioterrorism violates the fundamen- 
tal principles expressed in the Code of Ethics of the 
Society and is abhorrent to ASM and its members. 

ASM recognizes that there are valid concerns regard- 
ing the publication of information in scientific journals 
that could be put to inappropriate use as described in the 
CPC resolution mentioned above. Members of the ASM 
Publications Board will evaluate the rare manuscript 
that might raise such issues during the review process. 
However, as indicated elsewhere in these Instructions, 
research articles must contain sufficient detail, and ma- 
terial/information must be made available, to permit the 
work to be repeated by others. Supply of materials 
should be in accordance with laws and regulations gov- 
erning the shipment, transfer, possession, and use of 
biological materials and must be for legitimate, bona fide 
research needs. Links to, and information regarding, 
these laws and regulations can be found at http://www 
.asm.org/Policy/index.asp?bid=52. 

General Requirements 

Manuscripts submitted to the journal must represent 
reports of original research, and the original data must 
be available for review by the editor if necessary. 

All authors of a manuscript must have agreed to its 
submission and are responsible for its content, includ- 
ing appropriate citations and acknowledgments, and must 
also have agreed that the corresponding author has the 
authority to act on their behalf in all matters pertaining 
to publication of the manuscript. The corresponding au- 
thor is responsible for obtaining such agreements and 
for informing the coauthors of the manuscript's status 
throughout the submission, review, and publication pro- 
cess. For Authors' Corrections and Retractions, signed 
letters of agreement from all of the authors must be 
submitted (see p. 10-11). 

By submission of a manuscript to the journal, the 
authors guarantee that they have the authority to pub- 
lish the work and that the manuscript, or one with 
substantially the same content, was not published pre- 
viously, is not being considered or published elsewhere, 
and was not rejected on scientific grounds by another 
ASM journal. 

It is expected that the authors will provide written 
assurance that permission to cite unpublished data or 
personal communications has been granted. 

By publishing in the journal, the authors agree that 
any plasmids, viruses, and living materials such as mi- 
crobial strains and cell lines newly described in the 
article are available from a national collection or will be 
made available in a timely fashion and at reasonable 
cost to members of the scientific community for non- 
commercial purposes. 

Primary Publication 

A scientific paper or its substance published in a serial, 
periodical, book, conference report, symposium pro- 
ceeding, or technical bulletin, posted on a nonpersonal 



website, or made available through any other retrievable 
source, including CD-ROM and other electronic forms, 
is unacceptable for submission to an ASM journal on 
grounds of prior publication. 

Posting of a method/protocol on a nonpersonal web- 
site should not interfere with the author's ability to have 
a manuscript utilizing that technique considered for pub- 
lication in an ASM journal; however, ultimately, it is an 
editorial decision whether the method constitutes the 
substance of a paper. 

Posting of a limited amount of original data on a 
personal/university/company website or websites of 
small collaborative groups working on a problem does 
not preclude subsequent submission to, and publication 
by, an ASM journal. The posted data, however, may not 
constitute the substance of the submission. Specific 
questions about this policy may be referred to the Pub- 
lications Board chairman on a case-by-case basis. Post- 
ing of theses and dissertations on a personal/university- 
hosted website does not preclude subsequent submission 
to, and publication by, an ASM journal. 

Posting of unpublished sequence data on the Internet 
is usually not considered prior publication; however, the 
address (URL) of the source of the sequence should be 
included in the text. 

! Preliminary disclosures of research findings" webcast 
as meeting . presentations. or published in. abstract form 
as adjuncts to a meeting, e.g., part of a program, are not 
considered prior publication; 

It is incumbent upon the author to acknowledge any 
prior publication of the data contained in a manuscript 
submitted to an ASM journal. A copy of the relevant 
work should be submitted with the paper as supplemen- 
tal material. 

Ultimately, it is an editorial decision whether the ma- 
terial constitutes the substance of a paper. 

Permissions 

The corresponding author is responsible for obtaining 
permission from both the original author and the origi- 
nal publisher (i.e., the copyright owner) to reproduce or 
modify figures and tables and to reproduce text (in 
whole or in part) from previous publications. 

The original signed permission(s) must be submitted 
directly to the editor, outside the Rapid Review system, 
no later than the modification stage and should be iden- 
tified as to the relevant item in the ASM manuscript 
(e.g., "permissions for Fig. 1 in JVI00123-05"). In addi- 
tion, a statement indicating that the material is being 
reprinted with permission must be included in the rele- 
vant figure legend or table footnote of the manuscript. 
Reprinted text must be enclosed in quotation marks, and 
the permission statement must be included as running 
text or indicated parenthetically. 

For supplemental material intended for posting by 
ASM (see p. 5), if the authors of the JVI manuscript are 
not also the owner of the supplemental material, the 
corresponding author must send to ASM signed permis- 
sion from the copyright owner that allows posting of the 
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material, as a supplement to the article, by ASM. The 
corresponding author is also responsible for incorporat- 
ing in the supplemental material any copyright notices 
required by the owner. 

Authorship 

An author is one who made a substantial contribution 
to the overall design and execution of the experiments; 
therefore, ASM considers all authors responsible for 
the entire paper. Individuals who provided assistance, 
e.g., supplied strains or reagents or critiqued the paper, 
need not be listed as authors but may be recognized in 
the Acknowledgments section. 

A study group, surveillance team, working group, con- 
sortium, or the like (e.g., the Active Bacterial Core Sur- 
veillance Team) may be listed as a coauthor in the byline 
if its contributing members satisfy the requirements for 
authorship and accountability as described in these In- 
structions. The names (and institutional affiliations if 
desired) of the contributing members only should be 
listed in a separate paragraph in the Acknowledgments 
section. (A footnote directing readers from the group's 
name in the byline to the contributing individuals' names 
in the Acknowledgments section will be added by the 
ASM editorial staff.) 

If the contributing members of the group associated 
with the work do not fulfill the criteria of substantial 
contribution to and responsibility for the paper, the 
group may not be listed in the author byline. Instead, it 
and the names of its contributing members may be listed 
in the Acknowledgments section. 

All authors must agree to the order in which their 
names are listed in the byline. Statements regarding 
equal contributions by two or more authors (e.g., X.J. 
and Y.S. contributed equally to ... ) are permitted as 
footnotes to bylines. Other statements of attribution may 
be included in the Acknowledgments section. 

A change in authorship (order of listing or addition or 
deletion of a name) after submission of the manuscript 
will be implemented only after receipt of signed state- 
ments of agreement from all parties involved. Disputes 
about authorship may delay review and/or publication of 
the manuscript. 

Conflict of Interest 

All authors are expected to disclose, in the manuscript 
submittal letter, any commercial affiliations as well as con- 
sultancies, stock or equity interests, and patent-licensing 
arrangements that could be considered to pose a conflict 
of interest regarding the submitted article. (Inclusion of a 
company name in the author address lines of the manu- 
script does not constitute disclosure.) Details of the disclo- 
sure to the editor will remain confidential. However, it is 
the responsibility of authors to provide, in the Acknowl- 
edgments section, a general statement disclosing financial 
or other relationships that are relevant to the study. Exam- 
ples of potentially conflicting interests that , should be dis- 
closed include relationships that might detract from an 



author's objectivity in presentation of study results, and 
interests whose value would be enhanced by the results 
presented. All funding sources for the project, institutional 
and corporate, should be credited in the Acknowledgments 
section, as described below. In addition, if a manuscript 
concerns a commercial product, the manufacturer's name 
must be indicated in the Materials and Methods section or 
elsewhere in the text, as appropriate, in an obvious manner. 

Copyright 

To maintain and protect the Society's ownership and 
rights and to continue to afford scientists the opportunity 
to publish in high-quality journals, ASM requires the 
corresponding author to sign a copyright transfer agree- 
ment on behalf of all the authors. This agreement is sent 
to the corresponding author when the manuscript is ac- 
cepted and scheduled for publication. Unless this agree- 
ment is executed (without changes and/or addenda), 
ASM will not publish the manuscript. 

In the copyright transfer agreement signed by an au- 
thor, ASM grants to that author (and coauthors) the 
right to republish discrete portions of his (their) article in 
any other publication (print, CD-ROM, and other elec- 
tronic forms) of which he is (they are) the author(s) or 
editor(s), on the condition that appropriate credit is given 
to the original ASM publication. This republication right 
also extends to posting on a host computer to which 
there is access via the Internet. Except as indicated be- 
low, significant portions of the article may not be reprint- 
ed/posted without ASM's prior written permission, how- 
ever, as this would constitute duplicate publication. 

Authors may post their own published articles on their 
personal or university-hosted (but not corporate, govern- 
ment, or similar) websites without ASM's prior written 
permission provided that appropriate credit is given (i.e., 
either the copyright lines shown on the top of the first 
page of the PDF version or "Copyright © American 
Society for Microbiology, [insert journal name, volume 
number, page numbers, and year]" for the HTML ver- 
sion). 

The copyright transfer agreement asks that authors 
who were U.S. Government employees and who wrote 
the article as part of their employment duties be identi- 
fied. This is because works authored solely by such U.S. 
Government employees are not subject to copyright pro- 
tection, so there is no copyright to be transferred. The 
other provisions of the copyright transfer agreement, 
such as author representations of originality and author- 
ity to enter into the agreement, apply to U.S. Govern- 
ment employee-authors as well as to other authors. 

ASM also requires that copyright transfer agreements 
be signed for cover artwork/photographs. 

Copyright for supplemental material (see p. 5) re- 
mains with the author, but a license permitting the post- 
ing by ASM will be sent, along with the article copyright 
transfer agreement, to the corresponding author for 
signing at the acceptance stage. (If the author of the 
article is not also the copyright owner of the supplemen- 
tal material, the corresponding author must send to 
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ASM signed permission from the owner that allows post- 
ing of the material, as a supplement to the article, by 
ASM. The corresponding author is also responsible for 
incorporating into the supplemental material any copy- 
right notices required by the owner.) 

Use of Human Subjects or Animals in Research 

The use of human subjects or other animals for re- 
search purposes is regulated by the federal government 
and individual institutions. Manuscripts containing in- 
formation related to human or animal use should clearly 
state that the research has complied with all relevant 
federal guidelines and institutional policies. Copies of 
these guidelines and policy statements must be available 
for review by the editor if necessary. 

Patient Identification 

When isolates are derived from patients in clinical 
studies, do not identify them by using the patients' ini- 
tials, even as part of a strain designation. Change the 
initials to numerals or use randomly chosen letters. Do 
not give hospital unit numbers; if a designation is need- 
ed, use only the last two digits of the unit. (Note: Estab- 
lished designations of some viruses and cell lines, al- 
though they consist of initials, are acceptable [e.g., JC 
virus, BK virus, and HeLa cells].) 

Nucleotide and Amino Acid Sequences 

It is expected that newly determined nucleotide 
and/or amino acid sequence data will be deposited and 
GenBank/EMBL/DDBJ accession numbers will be in- 
cluded in the manuscript no later than the modification 
stage of the review process. It is also expected that the 
sequence data will be released to the public no later than 
the publication date of the article. The accession number 
should be included in a separate paragraph at the end of 
the Materials and Methods section for full-length papers 
or at the end of the text for Notes. If conclusions in a 
manuscript are based on the analysis of sequences and a 
GenBank/EMBL/DDBJ accession number is not pro- 
vided at the time of the review, authors should provide 
the sequence data as supplemental material. 

It is expected that, when previously published se- 
quence accession numbers are cited in a manuscript, the 
original citations (e.g., journal articles) will be included 
in the References section when possible or reasonable. 

Authors are also expected to do elementary searches 
and comparisons of nucleotide and amino acid se- 
quences against the sequences in standard databases 
(e.g., GenBank) immediately before manuscripts are 
submitted and again at the proof stage. 

Analyses should specifyHhe^database; Jahd the~date of 
each analysis, should 'be mdicated:in:the;fprmatMM/YY! 
If rele'vantj^the ''version-'Of thefsofrware used should be 
specified: " - - " ■ 

Database address information is as follows: 

DDBJ: Center for Information Biology and DNA 



Data Bank of Japan, National Institute of Genetics, 1111 
Yata, Mishima, Shizuoka 411-8540, Japan; telephone, 
81-559-81-6853; fax, 81-559-81-6849; e-mail, ddbj@ddbj 
.nig.ac.jp (for data submissions); URL, http://www.ddbj 
.nig.ac.jp. 

EMBL: EMBL Nucleotide Sequence Submissions, 
European Bioinformatics Institute, Wellcome trust Ge- 
nome Campus, Hinxton, Cambridge CB10 1SD, United 
Kingdom; telephone, 44-1223-494499; fax, 44-1223- 
494472; e-mail, datasubs@ebi.ac.uk; URL, http://www 
.ebi.ac.uk. 

GenBank: National Center for Biotechnology Infor- 
mation, National Library of Medicine, Bldg. 38A, Rm. 
8N-803, Bethesda, MD 20894; telephone, 301-496-2475; 
fax, 301-480-9241; e-mail, info@ncbi.nlm.nih.gov; 
URL, http://www.ncbi.nlm.nih.gov. 

See p. 13 for nucleic acid sequence formatting instruc- 
tions. 

Structural Determinations 

It is expected that coordinates for new structures of 
macromolecules will be deposited in the Protein Data 
Bank and that assigned identification codes will be in- 
cluded in the manuscript no later than the modification 
stage of the review process. It is also expected that the 
coordinates will be released to the public no later than 
the publication date of the article. Authors are encour- 
aged to send coordinates with their original submission, 
however, so that reviewers can examine them along with 
the manuscript. The accession number(s) should be listed 
in a separate paragraph at the end of the Materials and 
Methods section for full-length papers or at the end of the 
text for Notes. The URLs for coordinate deposition are 
http://pdb.rutgers.edu and http://pdbdep.protein.osaka . 
-u.ac.jp. 

Compliance 

Failure to comply with the policies described in these 
Instructions may result in a letter of reprimand, a sus- 
pension of publishing privileges in ASM journals, and/or 
notification of the authors' institutions. 

Warranties and Exclusions 

Articles published in this journal represent the opin- 
ions of the authors and do not necessarily represent the 
opinions of ASM. ASM does not warrant the fitness or 
suitability, for any purpose, of any methodology, kit, 
product, or device described or identified in an article. 
The use of trade names is for identification purposes 
only and does not constitute endorsement by ASM. 

Page Charges 

Authors whose research was supported by grants, spe- 
cial funds (including departmental and institutional), or 
contracts (including governmental) or whose research 
was done as part of their official duties (government, 
corporate, etc.) are required to pay page charges. 
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For a corresponding author who is an ASM member, 

page charges are currently $85 per page for the first 
seven pages and $140 per page for each page in excess of 
seven (subject to change without notice). To obtain the 
member rate, the corresponding author must be an ASM 
member and must include his member number on the 
reprint/page charge form. 

For a nonmember corresponding author, page 
charges are currently $98 per page for the first seven 
pages and $161 for each page in excess of seven. A 
corresponding author who is not an ASM member may 
join ASM to obtain the member rate by completing the 
ASM member application form sent with the acceptance 
letter and returning it along with payment and the com- 
pleted reprint/page charge form to the Journals Depart- 
ment. 

If the research was not supported by any of the means 
described above, a request to waive the charges may be 
mailed (Journals Department, ASM, 1752 N St., N.W., 
Washington, DC 20036-2904, USA) or faxed (202-942- 
9355) to the Journals Department. This request must 
indicate how the work was supported and should be 
accompanied by copies of the title page and Acknowl- 
edgments section. 

Minireviews, Guest Commentaries, and Comment 
Letters to the Editor are not subject to page charges. 
New-Data Letters to the Editor are subject to page 
charges. 

Supplemental Material 

f Supplemental -material intended fo'rpdsfing by : ASM 
may not-simplyanclude additionalvfigures. or tables that 
support theauthors' conclusions: It must^be restricted to 
large or complex data>sets :or:-results Ahat<jcannot be 
readily displayed ; in printed form because of space»;or 
technical limitations. Such material may include: data 
from microarray, structural, biochemical; or video imag-i 
ing analyses; In such cases, the manuscript submitted for 
review should include a distillation of the results so that 
the principal . conclusions lare fully - supported without 
referral to the supplement ah-majerial.' 

Supplemental material intended for posting by ASM 
must be uploaded where indicated on the Rapid Review 
submission form and will be reviewed along with the 
manuscript. The decision to publish (i.e., post online 
only) the material with the article if it is accepted will be 
made by the editor and conveyed to the corresponding 
author in the acceptance e-mail. Note, therefore, it is 
possible that an article will be accepted but that the 
supplemental material will not be. 

If the software required for users to view/use the sup- 
plemental material is not embedded in the file, you are 
urged to use shareware or generally available/easily ac- 
cessible programs. 

Unlike the article, supplemental material will not be 
edited by the ASM Journals staff and "proofs" will not 
be made available. 

Supplemental material will always remain associated 
with its article and is not subject to any modifications 



after publication. 

Material that has been published previously (print or 
online) is not acceptable for posting as supplemental 
data. Instead, the appropriate reference(s) to the origi- 
nal publication should be made in the article text. 

Copyright for the supplemental material remains with 
the author, but a license permitting the posting by ASM 
will be sent, along with the article copyright transfer 
agreement, to the corresponding author for signing. If 
you are not the copyright owner, you must provide to 
ASM signed permission from the owner that allows post- 
ing of the material, as a supplement to your article, by 
ASM. You are responsible for including in the supple- 
mental material any copyright notices required by the 
owner. 

; A one-time charge (amount not yet determined)^ may 
be levied for posting of supplemental material. When 
instituted, the charge will be indicated in the ASM ac- 
ceptance letter and on the page charge/reprint form; 

Editorial Style 

The editorial style of ASM journals conforms to the 
ASM Style Manual for Journals (American Society for 
Microbiology, 2005, in-house document) and How To 
Write and Publish a Scientific Paper, 5th ed. (Oryx Press, 
1998), as interpreted and modified by the editors and the 
ASM Journals Department. 

The editors and the Journals Department reserve the 
privilege of editing manuscripts to conform with the 
stylistic conventions set forth in the aforesaid publica- 
tions and in these Instructions. 

Review Process 

All manuscripts are considered to be confidential and 
are reviewed by the editors, members of the editorial 
board, or qualified ad hoc reviewers. To expeditephe 
review process, -authors^sriould recommend ;at least two 
reviewers, who; are , not .members of their 'institution(s) 
and have -never .been associated with them or their labo-. 
ratory(ies); please provide --their contact information 
where indicated on the submission form. \ , 
I Copies lof in-press and' submitted manuscripts that are 
imponantkfor judgment of the present , manuscript should 
be included/as, supplemental material to facilitate t he+re ^ 
view. 

When a manuscript is submitted to the journal, it is 
given a number (e.g., JVI00047-05 version 1) and as- 
signed to one of the editors. (Always refer to this num- 
ber in communications with the editor and the Journals 
Department.) It is the responsibility of the corresponding 
author to inform the coauthors of the manuscript's status 
throughout the submission, review, and publication pro- 
cesses. The reviewers operate under strict guidelines set 
forth in "Guidelines for Reviewers" (http://www.journals 
.asm.org/misc/reviewguide.shtml) and are expected to 
complete their reviews expeditiously. 

The corresponding author is notified, generally within 
4 to 6 weeks after submission, of the editor's decision to 
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accept, reject, or require modification. When modifica- 
tion is requested, the corresponding author must either 
submit the modified version within 2 ■months or with- 
draw the manuscript. A point-by-point response to the 
reviews must be provided in the Rebuttal section of the 
Rapid Review submission form for the revised manu- 
script, and a compare copy of the manuscript (without 
figures) should be included as supplemental material if 
the editor requested one. 

Manuscripts that have been rejected, or withdrawn 
after being returned for modification, may be resubmit- 
ted if the major criticisms have been addressed. (Note: A 
manuscript rejected by one ASM journal on scientific 
grounds or on the basis of its genera! suitability for 
publication is considered rejected by all other ASM 
journals.) The cover letter must state that the manu- 
script is a resubmission, and the former manuscript num- 
ber should be provided in the appropriate field on the 
submission form. A point-by-point response to the re- 
views and a compare copy of the revised manuscript 
showing the changes should be included as supplemental 
material (the Rebuttal section appears in the submission 
form only if the manuscript is a modification). Resub- 
mitted manuscripts are normally handled by the original 
editor. 

Manuscripts may not be resubmitted more than once 
unless permission has been obtained from the original 
editor or from the editor in chief. 

Notification of Acceptance 

When an editor has decided that a manuscript is ac- 
ceptable for publication on the basis of scientific merit, 
the author and the Journals Department are notified. 
The text files undergo an automated preediting, cleanup, 
and tagging process specific to the particular article type, 
and the illustrations are examined. If all files have been 
prepared according to the criteria set forth in these 
Wractions^aH^tHc^vmT^pia'^eviw^ the acceptance 
procedure will be completed successfully. If there are 
problems that would cause extensive corrections to be 
made at the copyediting stage or if the files are not 
acceptable for production, the ASM production editor 
will contact the corresponding author. 

Once all the material intended for publication has 
been determined to be adequate, the manuscript is 
scheduled for the next available issue and an acceptance 
letter indicating the month of publication, approximate 
page proof dates, and table of contents section is mailed 
to the corresponding author; a copyright transfer agree- 
ment is also included, as is a license to permit posting of 
supplemental material (if applicable). The editorial staff 
of the ASM Journals Department completes the editing 
of the manuscript to bring it into conformity with pre- 
scribed standards. 

Page Proofs 

Page proofs, together with a query sheet, a reprint 
order/page charge form, and instructions for handling 
proofs, will be made available to the corresponding author 



electronically via a PDF file that can be accessed through 
a unique password. Since corresponding authors will be 
notified of the availability of their PDF proofs and as- 
signed their unique password via e-mail, an e-mail ad- 
dress must be supplied in the correspondent footnote. 
Failure to do so may result in a delay in publication. The 
PDF page proofs must be printed out, and corrections 
must be written on the hard copy. Queries must be 
answered on the query page or on a separate sheet of 
paper, , and any changes related to the queries must be 
indicated on the proofs. Note that the copy editor does 
not query at every instance where a change has been 
made. Queries are written only to request necessary 
information or clarification of an unclear passage or to 
draw attention to edits that may have altered the sense. 
It is the author's responsibility to read the entire text, 
tables, and figure legends, not just items queried. As 
soon as the page proofs are corrected and signed by the 
person who proofread them (within 48 h), they should be 
mailed or sent by a courier service such as FedEx, not 
faxed or sent as an e-mail attachment, to the ASM Jour- 
nals Department. 

The proof stage is not the time to make extensive 
corrections, additions, or deletions. Important new in- 
formation that has become available between accep- 
tance of the manuscript and receipt of the proofs may be 
inserted as an addendum in proof with the permission of 
the editor. If references to unpublished data or personal 
communications are added, it is expected that written 
assurance granting permission for the citation will be 
included. Limit changes to correction of spelling errors, 
incorrect data, and grammatical errors and updated in- 
formation for references to manuscripts that have been 
submitted or are in press. If URLs have been provided in 
the article, recheck the sites to ensure that the addresses 
are still accurate and the material that you expect the 
reader to find is indeed there. 

Questions about late proofs and problems in the proofs 
should be directed to the ASM Journals Department 
(telephone, 202-942-9234). Questions about accessing or 
viewing your PDF proofs should be directed to Katie Gay 
of Cadmus Professional Communications at 804-261- 
3155 or gayk@cadmus.com. 

Reprints 

Reprints (in multiples of 100) may be purchased by all 
coauthors. An order form that includes a table showing 
the cost of reprints is sent with the proof to the corre- 
sponding author. 

The corresponding authors of Minireviews and Guest 
Commentaries will receive 100 free reprints of their con- 
tribution; additional reprints (in multiples of 100) may 
be purchased if desired. As for regular articles, an order 
form showing the cost of reprints will be sent with the 
proofs. 

PDF Files 

A corresponding author who has included an e-mail 
address in his "corresponding author" footnote will have 
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limited access (10 downloads, total) to the PDF file of 
his published article. An e-mail alert will automatically 
be sent to him on the day the issue is posted. It will 
provide a URL, which will be required to obtain access, 
and instructions. An article may be viewed, printed, or 
stored, provided that it is for the author's own use. 
. Should coauthors or colleagues be interested in view- 
ing the paper for their own use, the corresponding au- 
thor may provide them with the URL; a copy of the 
article may not be forwarded electronically. However, 
they must be made aware of the terms and conditions of 
the ASM copyright. (For details, go to http://www.journals 
.asm.org/misc/terms.shtml.) Note that each such down- 
load will count toward the corresponding author's total 
of 10. After 10 downloads, access will be denied and can 
be obtained only through a subscription to the journal 
(either individual or institutional) or after the standard 
access control has been lifted (i.e., 6 months after pub- 
lication). 



HOW TO SUBMIT MANUSCRIPTS 

All submissions to JVI must be made electronically via 
the Rapid Review online submission and peer review 
system at the following URL: www.rapidreview.com 
/ASM2/author.html. (E-mailed submissions will not be 
accepted.) First-time users must create an Author ac- 
count, which may be used for submitting to all ASM 
journals. Instructions for creating an Author account 
are available at the above URL under the New to 
Rapid Review? button. The person from whose ac- 
count a submission is made will be recorded as the 
corresponding author, and any correspondence will be 
sent to the e-mail address in that account. Step-by- 
step instructions for submitting a manuscript via 
Rapid Review are available from the account holder's 
My Manuscripts page. Information on file types ac- 
ceptable for electronic submission can be found under 
the More About File Formats button. 



ORGANIZATION AND FORMAT 

On receipt at ASM, an accepted manuscript under- 
goes an automated preediting, cleanup, and tagging pro- 
cess specific to the particular article type. To optimize 
this process, manuscripts must be supplied in the correct 
format and with the appropriate sections and headings. 

Type every portion of the manuscript double spaced 
(a minimum of 6 mm between lines), including figure 
legends, table footnotes, and References, and number 
all pages in sequence, including the abstract, figure leg- 
ends, and tables. Place the last two items after the Ref- 
erences section. Manuscript pages should have line num- 
bers. The font size should be no smaller than 12 pt. It is 
recommended that the following sets of characters be 
easily distinguishable in the manuscript: the numeral 
zero (0) and the letter "oh" (O); the numeral one (1), 
the letter "el" (1), and the letter "eye" (I); and a multi- 



plication sign (X) and the letter "ex" (x). Do not create 
symbols as graphics or use special fonts that are external 
to your word processing program; use the "insert sym- 
bol" function. Set the page size to 8V2 by 11 inches (ca. 
21.6 by 28 cm). Italicize or underline any words that 
should appear in italics, and indicate paragraph lead-ins 
in bold type. 

Authors who are unsure of proper English usage 
should have their manuscripts checked by someone pro- 
ficient in the English language. Manuscripts may be 
editorially rejected, without review, on the basis of poor 
English or lack of conformity to the standards set forth 
in these Instructions. 



Full-Length Papers 

Full-length papers should include the elements de- 
scribed in this section. 

Title, running title, and byline. Each manuscript should 
present the results of an independent, cohesive study; 
thus, numbered series titles are not allowed. Avoid the 
main title/subtitle arrangement, complete sentences, and 
unnecessary articles. On the title page, include the title, 
running title (not to exceed 54 characters and spaces), 
name of each author, address(es) of the institution(s) at 
which the work was performed, each author's affiliation, 
and a footnote indicating the present address of any 
author no longer at the institution where the work was 
performed. Place an asterisk after the name of the au- 
thor to whom inquiries regarding the paper should be 
addressed (see "Correspondent footnote" below). 

Also include on the title page the word count for the 
abstract and the word count for the text (excluding the 
references, table footnotes, and figure legends). 

Study group in byline. A study group, surveillance 
team, working group, consortium, or the like (e.g., the 
Active Bacterial Core Surveillance Team) may be listed 
as a coauthor in the byline if its contributing members 
satisfy the requirements for authorship and accountabil- 
ity as described in these Instructions. The names (and 
institutional affiliations if desired) of the contributing 
members only should be listed in a separate paragraph in 
the Acknowledgments section. (A footnote directing 
.readers from the group's name in the byline to the con- 
tributing individuals' names in the Acknowledgments 
section will be added by the ASM editorial staff. The list 
of study group members may not be provided in a foot- 
note to the byline, in the text, or in an Appendix.) 

If the contributing members of the group associated 
with the work do not fulfill the criteria of substantial 
contribution to and responsibility for the paper, the 
group may not be listed in the author byline. Instead, it 
and the names of its contributing members may be listed 
in the Acknowledgments section. 

Correspondent footnote. The complete mailing ad- 
dress, a single telephone number, a single fax number, 
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and a single e-mail address for the corresponding author 
should be included on the title page of the manuscript. 
This information will be published in the article as a 
footnote to facilitate communication, and the e-mail ad- 
dress will be used to notify the corresponding author of 
availability of proofs and, later, of the PDF file of the 
published article. 

Abstract. Limit the abstract to 250 words or fewer and 
concisely summarize the basic content of the paper with- 
out presenting extensive experimental details. Avoid ab- 
breviations and references, and do not include diagrams. 
When it is essential to include a reference, use the same 
format as shown for the References section but omit the 
article title. Because the abstract will be published sep- 
arately by abstracting services, it must be complete and 
understandable without reference to the text. 

Introduction. The introduction should supply suffi- 
cient background information to allow the reader to un- 
derstand and evaluate the results of the present study with- 
out referring to previous publications on the topic. The 
introduction should also provide the hypothesis that was 
addressed or the rationale for the present study. Choose 
references carefully to provide the most salient back- 
ground rather than an exhaustive review of the topic. 

Materials and Methods. The Materials and Methods 
section should include sufficient technical information to 
allow the experiments to be repeated. When centrifuga- 
tion conditions are critical, give enough information to 
enable another investigator to repeat the procedure: 
make of centrifuge, model of rotor, temperature, time at 
maximum speed, and centrifugal force (X g rather than 
revolutions per minute). For commonly used materials 
and methods (e.g., media and protein concentration de- 
terminations), a simple reference is sufficient. If several 
alternative methods are commonly used, it is helpful to 
identify the method briefly as well as to cite the refer- 
ence. For example, it is preferable to state "cells were 
broken by ultrasonic treatment as previously described 
(9)" rather than to state "cells were broken as previously 
described (9)." The reader should be allowed to assess 
the method without constant reference to previous pub- 
lications. Describe hew methods completely and give 
sources of unusual chemicals, equipment, or microbial 
strains. When large numbers of microbial strains or mu- 
tants are used in a study, include tables identifying the 
immediate sources (i.e., sources from whom the strains 
were obtained) and properties of the strains, mutants, 
bacteriophages, plasmids, etc. 

A method, strain, etc., used in only one of several 
experiments reported in the paper may be described in 
the Results section or very briefly (one or two sentences) 
in a table footnote or figure legend. It is expected that 
the sources from whom the strains were obtained will be 
identified. 

Results. In the Results section, include the rationale 



or design of the experiments as well as the results; 
reserve extensive interpretation of the results for the 
Discussion section. Present the results as concisely as 
possible in one of the following: text, table(s), or fig- 
ure^). Data in tables (e.g., cpm of radioactivity) should 
not contain more significant figures than the precision of 
the measurement allows. Illustrations (particularly pho- 
tomicrographs and electron micrographs) should be lim- 
ited to those that are absolutely necessary to show the 
experimental findings. Number figures and tables in the 
order in which they are cited in the text, and be sure to 
cite all figures and tables. 

Discussion. The Discussion should provide an inter- 
pretation of the results in relation to previously pub- 
lished work and to the experimental system at hand and 
should not contain extensive repetition of the Results sec- 
tion or reiteration of the introduction. In short papers, the 
Results and Discussion sections may be combined. 

Acknowledgments. The source of any financial sup- 
port received for the work being published must be 
indicated in the Acknowledgments section. (It will be 
assumed that the absence of such an acknowledgment is 
a statement by the authors that no support was re- 
ceived.) The usual format is as follows: "This work was 
supported by Public Health Service grant CA-01234 
from the National Cancer Institute." 

Recognition of personal assistance should be given as 
a separate paragraph, as should any statements disclaim- 
ing endorsement or approval of the views reflected in the 
paper or of a product mentioned therein. 

References, (i) Works listed in References. The Ref- 
erences section must include all journal articles (both 
print and online), books and book chapters (both print 
and online), patents, theses and dissertations, and pub- 
lished conference proceedings (not abstracts; see be- 
low), as well as in-press journal articles, book chapters, 
and books (publication title must be given). All listed 
references must be cited in the text. Arrange the cita- 
tions in alphabetical order (letter by letter, ignoring 
spaces and punctuation) by first author and number 
consecutively. Provide the names of all the authors for 
each reference. Since title and byline information that is 
downloaded from PubMed does not show accents, ital- 
ics, or special characters, authors should refer to the 
PDF files or hard-copy versions of the articles and in- 
corporate the necessary corrections in the submitted 
manuscript. Abbreviate journal names according to 
BIOSIS Serial Sources (BIOSIS, Philadelphia, Pa., 2004). 
Cite each listed reference by number in the text. 

Follow the styles shown in the examples below. 

Print references: 

1. Arendsen, A. F., M. Q. Solimar, and S. W. Ragsdale. 

1999. Nitrate-dependent regulation of acetate biosyn- 
thesis and nitrate respiration by Clostridium ther- 
moaceticum. J. Bacteriol. 181:1489-1495. 
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2. Cox, C. S., B. R. Brown, and J. C. Smith. J. Gen. 
Genet., in press.* {Article title is optional; journal title 
is mandatory. } 

3. De Ley, J., M. Gillis, and J. Swings. 1984. Family VI. 
Acetobacteraceae Gillis and De Ley 1980, 23 , p. 
267-278. In N. R. Krieg and J. G. Holt (ed.), Bergey's 
manual of systematic bacteriology, vol. 1. Williams & 
Wilkins, Baltimore, Md. < 

4. Dunne, W. M., Jr., F. S. Nolte, and M. L. Wilson. 
1997. Cumitech IB, Blood cultures III. Coordinating 
ed., J. A. Hindler. American Society for Microbiol- 
ogy, Washington, D.C. 

5. Fitzgerald, G., and D. Shaw. In A. E. Waters (ed.), 
Clinical microbiology, in press. EFH Publishing Co., 
Boston, Mass.* {Chapter title is optional.} 

6. Gershon, A. A., P. LaRussa, and S. P. Steinberg. 
1999. Varicella-zoster virus, p. 900-911. In P. R. Mur- 
ray, E. J. Baron, M. A Pfaller, F. C. Tenover, and R. H. 
Yolken (ed.), Manual of clinical microbiology, 7th ed. 
American Society for Microbiology, Washington, D.C. 

7. Green, P. N., D. Hood, and C. S. Dow. 1984. Taxo- 
nomic status of some methylotrophic bacteria, p. 251— 
254. In R. L. Crawford and R. S. Hanson (ed.), Mi- 
crobial growth on C 2 compounds. Proceedings of the 
4th International Symposium. American Society for 
Microbiology, Washington, D.C. 

8. Odell, J. C. 1970. Process for batch culturing. U.S. 
patent 484,363,770. {Include the name of the patented 
item/process if possible. } 

9. O'Malley, D. R. 1998. Ph.D. thesis. University of Cal- 
ifornia, Los Angeles. {Title is optional.} 

* A reference to an in-press ASM publication should 
state the control number (e.g., JVI00577-05) if it is a jour- 
nal article or the name of the publication if it is a book. 

Online references: 

1. Dimick, J. B., H. G. Welch, and J. D. Birkmeyer. 

18 August 2004, posting {or revision} date. Surgical 
mortality as an indicator of hospital quality. JAMA 
292. [Online.] http://jama.ama-assn.org/cgi/content 
/short/292/7/847. {For online journals; page numbers 
may not be available. } 

2. Sullivan, C. J. (ed.). 1999-2001. Fungi: an evolving 
electronic resource for the microbiological commu- 
nity. ASM Press. [Online.] http://link.asmusa.de/link 
/service/books/91090. Accessed 7 September 2001. 
{For online-only books. } 

3. Zellnitz, F., and P. M. Foley. 2 October 1998, posting 
{or revision} date. History of virology. Am. Virol. J. 
1:30-50. [Online.] http://wwwavj.html. {For online- 
only journals; page numbers may not be available. } 

4. Zheng, Z., and J. Zou. 5 September 2001. The initial 
step of the glycerolipid pathway: identification of 
glycerol-3-phosphate/dihydroxyacetone phosphate 
dual substrate acyltransferases in Saccharomyces cer- 
evisiae. J. Biol. Chem. doi:10.1074/jbc.M104749200. 
{For papers published online in manuscript form. } 



NOTE: A URL or DOI is necessary for each online-only 
reference; a posting or accession date is required for any 
online reference that is periodically updated or changed. 

(ii) Items cited in the text. References to unpublished 
data, articles submitted for publication, meeting ab- 
stracts (including those published in journal supple- 
ments), personal communications, letters (irrespective 
of type) and authors' replies to letters, company publi- 
cations, patent applications and patents pending, com- 
puter software, databases, and websites should be made 
parenthetically in the text as follows. 

...similar results (R. B. Layton and C. C. Weathers, 
unpublished data). 

. . .system was used (J. L. Mclnerney, A. F. Holden, and 
P. N. Brighton, submitted for publication). 

. . .in mitochondria (S. De Wit, C. Thioux, and N. 
Clumeck, Abstr. 34th Intersci. Conf. Antimicrob. Agents 
Chemother., abstr. 114, 1994). 

. . .for other bacteria (A. X. Jones, personal communi- 
cation). 

. . .discussed previously (L. B. Jensen, A. M. Ham- 
merum, R. L. Poulsen, and H. Westh, Letter, Antimi- 
crob. Agents Chemother. 43:724-725, 1999). 

... discussed previously (S. L. W. On and P. A. R. Van- 
damme, Authors' Reply to Letter, J. Clin. Microbiol. 
39:2751-2752, 2001). 

. . .the manufacturer (Sigma manual, Sigma Chemical 
Co., St. Louis, Mo.). 

. . .this process (V. R. Smoll, 20 June 1999, Australian 
Patent Office). {Fornon-U.S. patent applications, give the 
date of publication of the application.} 

. . .information found at the XYZ website (http://cbx 
_iou.pgr). 

... the ABC program (version 2.2; Department of Mi- 
crobiology, State University [http://www.stu.micro]). 

URLs for companies that produce any of the prod- 
ucts mentioned in your study or for products being 
sold may NOT be included in the article. However, 
company URLs that permit access to scientific data 
related to the study or to shareware used in the study 
are permitted. 

Notes 

The Note format is intended for the presentation of 
brief observations that do not warrant full-length papers. 
Submit Notes in the same way as full-length papers. They 
receive the same review, they are not published more rap- 
idly than full-length papers, and they are not considered 
preliminary communications. 

Each Note must have an abstract of no more than 100 
words. Do not use section headings in the body of the 
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Note; combine methods, results, and discussion in a sin- 
gle section. Paragraph lead-ins are permissible. The text 
should be kept to a minimum and should not exceed 
1,200 words; the total number of figures and tables 
should not exceed four. Materials and methods should 
be described in the text, not in figure legends or table 
footnotes. Present acknowledgments as in full-length pa- 
pers, but do not use a heading. The References section 
is identical to that of full-length papers. 

Minireviews 

Minireviews are brief (limit of 6 printed pages exclu- 
sive of references) summaries of important develop- 
ments in virology research. They must be based on pub- 
lished articles and may address any subject within the 
scope of the journal. 

Minireviews are solicited by the Minireview editor and 
are subject to review. Unsolicited reviews will not be 
considered. Ideas for Minireviews may be sent to the 
Minireview editor. Manuscripts should be submitted via 
Rapid Review. 

Minireviews do not have abstracts. In the Abstract 
section of the submission form, put "Not applicable." 
The body of the Minireview may either have section 
headings or be set up like a Note (see above). 

Guest Commentaries 

Guest Commentaries are invited communications writ- 
ten in response to invitations issued by the editors and 
concern topics of interest to the broad readership of the 
journal that are not necessarily covered by Minireviews. 
They should raise issues of interest to the community of 
virologists, initiate or focus discussion, or propose posi- 
tion or consensus statements for leadership groups in 
research. Review of the literature, methods and other 
how-to papers, and responses targeted at a specific pub- 
lished paper are not appropriate. Guest Commentaries 
are subject to review. 

The length may not exceed 2 printed pages, and the 
format is like that of a Minireview (see above). Com- 
mentaries should be submitted via Rapid Review. 

Letters to the Editor 

Two types of Letters to the Editor may be submitted. 
The first type (Comment Letter) is intended for com- 
ments on articles published previously in the journal and 
must cite published references to support the writer's 
argument. The second type (New-Data Letter) may re- 
port new, concise findings that are not appropriate for 
publication as full-length papers or Notes. 

Letters may be no more than 500 words long and must 
be typed double spaced. Refer to a recently published 
Letter for correct formatting. Note that authors and 
affiliations are listed at the foot of the Letter. Provide 
only the primary affiliation for each author. Authors with 
the same affiliation must be listed together. The order of 
author names will be changed as necessary by the Jour- 



nals staff to avoid repetition of an address. 

All Letters to the Editor must be submitted electron- 
ically, and the type of Letter (New Data or Comment) 
must be selected from the drop-down list in the submis- 
sion form. For Letters commenting on published arti- 
cles, the cover letter should state the volume and issue in 
which the article was published, the title of the article, 
and the last name of the first author. In the Abstract 
section of the submission form, put "Not applicable." 
Letters to the Editor do not have abstracts. Both types of 
Letter must have a title, which must appear on the 
manuscript and on the submission form. Figures and 
tables should be kept to a minimum. 

If the Letter is related to a published article, it will be 
sent to the editor who handled the article in question. If 
the editor believes that publication is warranted, he will 
solicit a reply from the corresponding author of the 
article and make a recommendation to the editor in 
chief. Final approval for publication rests with the edi- 
tor in chief. 

New-Data Letters will be assigned to an editor accord- 
ing to subject matter and will be reviewed by that editor 
and the editor in chief. Final approval for publication 
rests with the editor in chief. 

Please note that some indexing/abstracting services 
do not include Letters to the Editor in their databases. 

Errata 

The Erratum section provides a means of correcting 
errors that occurred during the writing, typing, editing, 
or printing (e.g., a misspelling, a dropped word or line, 
or mislabeling in a figure) of a published article. Send 
Errata directly to the ASM Journals Department (1752 
N St., N.W, Washington, DC 20036-2904, USA), both 
on disk and in hard copy (only one hard copy is neces- 
sary). Please see a recent issue for correct formatting. 

Authors' Corrections 

The Author's Correction section provides a means of 
correcting errors of omission (e.g., author names or cita- 
tions) and. errors of a scientific nature that do not alter the 
overall basic results or conclusions of a published article. 

For omission of an author's name, the authors of the 
article and the author whose name was inadvertently 
omitted must agree, in writing, to publication of the 
Correction. For other issues "involving authorship, -in- 
cluding contributions and use or ownership of data 
and/or materials; all .disputing parties must agree, in 
writing, to publication of the Correction: Copies of the 
agreement letters must accompany the Correction and 
be sent directly to the Journals Department. Send the 
Correction both on disk and in hard copy (only one hard 
copy is necessary). Please see a recent issue for correct 
formatting. 

Corrections of a scientific nature (e.g., an incorrect, unit 
of measurement or order of magnitude used throughout; 
contamination of one of numerous cultures; or misidenti- 
fication of a mutant strain, causing erroneous data for only 
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a portion [noncritical] of the study) must be sent, both on 
disk and in hard copy, directly to the editor who handled 
the article and must be accompanied by signed letters of 
agreement from all of the authors of the article. If the editor 
believes that publication is warranted, he will send the 
Correction to the Journals Department for publication. 
Note that the addition of new data is not permitted. 

Retractions 

Retractions are reserved for major errors or breaches 
of ethics that, for example, may call into question the 
source of the data or the validity of the results and con- 
clusions of an article. Send a Retraction and an accom- 
panying explanatory letter signed by all of the. authors di- 
rectly to the editor in chief of the journal. The editor 
who handled the paper and the chairman of the ASM 
Publications Board will be consulted. If all parties agree 
to the publication and content of the Retraction, it will 
be sent to the Journals Department for publication. 



ILLUSTRATIONS AND TABLES 

[ Digital files that are acceptable for production (see 
below) must be provided for all illustrations on return 
of the modified manuscript. (On initial submission, the 
entire paper mayjbe submitteaVin PDFfformat.) 

We strongly recommend that before returning their 
modified manuscripts, authors check the acceptability of 
their digital images for production by running their files 
through Rapid Inspector, a tool provided at the following 
URL: http://rapidinspector.cadmus.com/mw/. Rapid In- 
spector is an easy-to-use Web-based application that takes 
only minutes to identify problems that may cause the file to 
fail at any point during the production process. 

Illustrations may be continuous-tone photographs, 
line drawings, or composites. Color graphics may be 
submitted, but the cost of printing in color must be 
borne by the author. Suggestions about how to reduce 
costs and ensure accurate color reproduction are given 
below. 

In general, digital files are not used for tables at the 
production stage; however, restrictions on file formats 
still apply (see the section on Tables below). 

Since the contents of computer-generated images can 
be manipulated for better clarity, the Publications Board 
at its May 1992 meeting decreed that a description of the 
software/hardware used should be put in the figure leg- 
end(s). 

Illustrations 

File types and formats. As mentioned above, illustra- 
tions may be supplied as PDF files for reviewing pur- 
poses only on initial. submission'; in fact; we recommend 
this option to minimize file upload time. At the modifil 
cation stage, production quality digital files must 'be 
submitted: TIFF or EPS files from supported applica- 
tions" or PowerPoint files (black and white only). Except 



Macintosh 



Black and white Color (CMYK)" 



Adobe Illustrator 6.0, 7.0, 


EPS 


EPS 


8.0, 9.0, and 10.0 






Adobe InDesign 1.0 


EPS 


EPS 


Adobe PageMaker 6.5 


EPS 


EPS 


Adobe Photoshop 






4.0 


TIFF 


TIFF 


5.0 


TIFF 


TIFF 


5.0 LE 


TIFF 


N/A" 


5.5 


TIFF 


TIFF 


6.0 


TIFF 


TIFF 


ChemDraw Pro 5.0 


EPS/TIFF 


EPS/TIFF 


Corel Photo-Paint 8.0 


TIFF 


EPS 


CorelDRAW 6.0 and 8.0 


EPS/TIFF 


EPS 


Deneba Canvas 5.0, 6.0, 


EPS/TIFF 


EPS 


7.0, and 8.0 






Macromedia FreeHand 


EPS 


EPS 


7.0, 8.0, and 9.0 






PowerPoint '98 and 2001 


PPT 


■ N/A 6 


Prism 3 by GraphPad 


TIFF 


N/A" 


QuarkXpress 


EPS 


EPS 


Synergy Kaleidagraph 3.08 


EPS 


N/A* 



and 3.51 



* Color graphics must be saved and printed in the CMYK mode, not RGB. 

6 ASM accepts only black-and-white, not color, graphics created with Kalei- 
dagraph, Adobe Photoshop 5.0 LE, Prism 3 by GraphPad, and PowerPoint. 

c For instructions on saving PowerPoint files, refer to the Cadmus digital art 
website at http://cjs.cadmus.com/da. 



Windows 






File type 


Application 








Color (CMYK)" 


Adobe Illustrator 7.0, 


EPS 


EPS 


8.0, and 9.0 






Adobe InDesign 1.0 


EPS 


EPS 


Adobe PageMaker 


EPS 


EPS 


6.5 






Adobe Photoshop 






4.0 


TIFF 


TIFF 


5.0 


TIFF 


TIFF 


5.0 LE 


TIFF 


N/A 6 


5.5 


TIFF 


TIFF 


6.0 


TIFF 


TIFF 


ChemDraw Pro 5.0 


EPS/TIFF 


EPS/TIFF 


Corel Photo-Paint 8.0 


TIFF 


EPS 


and 9.0 






CorelDRAW 7.0, 8.0, 


EPS/TIFF 


EPS 


and 9.0 






Deneba Canvas 6.0 


EPS/TIFF 


EPS 


and 7.0 






Macromedia 


EPS 


EPS 


FreeHand 7.0, 8.0, 






and 9.0 






PowerPoint '97, 2000, 


PPT 


N/A" 


and XP 






Prism 3 by GraphPad 


TIFF 


N/A 6 


QuarkXpress 


EPS 


EPS 


SigmaPlot 8.01 


EPS 


EPS 



° Color graphics must be saved and printed in the CMYK mode, not RGB. 

6 ASM accepts only black-and-white, not color, graphics created with Adobe 
Photoshop 5.0 LE, Prism 3 by GraphPad, and PowerPoint. 

' For instructions on saving PowerPoint files, refer to the Cadmus digital art 
website at http://cjs.cadmus.com/da. 
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for figures produced in PowerPoint, all graphics submit- 
ted with modified manuscripts must be bitmap, gray- 
scale, or CMYK (not RGB). Acceptable file types and 
formats for production are given in the tables below. 
More-detailed instructions for preparing illustrations are 
available on the World Wide Web at http://cjs.cadmus 
.com/da. Please review this information before preparing 
your files. If you require additional information, please 
send an e-mail inquiry to digitalart@cadmus.com. 

Minimum resolution. It is extremely important that a 
high enough resolution is used. Note, however, that the 
higher the resolution, the larger the file and the longer 
thejupload time. Publication quality will hot be ihipf oved 
fer.usmg. a resolution- Mgher than- the minimum. Mini- 
mum resolutions are as follows: 

300 dpi for grayscale and color 
600 dpi for lettering 
1,200 dpi for line art 

Resolution requirements do not apply to graphics cre- 
ated in PowerPoint. 

Size. All graphics MUST be submitted at their in- 
tended publication size; that is, the image uploaded 
should be 100% of its print dimensions so that no re- 
duction or enlargement is necessary. Include only the 
significant portion of an illustration. White space must 
be cropped from the image, and excess space between 
panel labels and the image must be eliminated. 

Maximum width for a 1-column figure: 3 5 /ie inches 
(ca. 8.4 cm) 

Maximum width for a 2-column figure: 6% inches 

(ca. 17.4 cm) 
Minimum width for a 2-column figure: 4Va inches 

(10.8 cm) 

Maximum height: 9Vi6 inches (25.3 cm) 

Contrast. Illustrations must contain sufficient contrast 
to withstand the inevitable loss of contrast and detail 
inherent in the printing process. See also the section on 
color illustrations below. 

Labeling and assembly. All final lettering, labeling, 
tooling, etc., MUST be incorporated into the figures. It 
cannot be added at a later date. If ^-figure fiurhbeF'is 
included~ : it miist ^appear" wellToutside 'the boundaries' of 
the image itself: (Numbering .may .need to be changeo\at 
the copyediting stage.) Each figure must be uploaded as 
a separate file, and any multipanel figures must be as- 
sembled into one file; i.e., rather than uploading a sep- 
arate file for each panel in a figure, assemble all panels 
in one piece and supply them as one file. 

Fonts. To avoid font problems, set all rype in one of 
the following Type 1 PostScript fonts: Helvetica, Times 
Roman, European PI, Mathematical PI, or Symbol. All 
fonts other than these five must be converted to paths 



(or outlines) in the application with which they were 
created. For font use in PowerPoint images, refer to the 
Cadmus digital art website, http://cjs.cadmus.com/da. 

Compression. Images created with Macintosh appli- 
cations may be compressed with Stuffit. Images created 
with Windows applications may be compressed with 
WINZIP. 

Color illustrations. Because the process of placing 
ink on paper by using printing presses is different from 
that used to produce a photo print or a laser print and 
the color rendition on images viewed on a monitor de- 
pends to some extent on monitor resolution, some dif- 
ferences in color and contrast between the image you 
submit and the image printed in the journal or published 
online will be evident. (Figures showing red or green 
fluorescence and those with a significant range of colors 
may be difficult or impossible to reproduce exactly.) 
Color illustrations must be saved as either TIFF or EPS 
files, according to the application used (see charts 
above). The mode of the TIFF or EPS file must be 
CMYK, not RGB. Graphics in the RGB color space are 
intended for display on a monitor only and will not 
separate correctly for printing. 

The cost of printing in color must be borne by the author. 
The current color costs may be accessed from the sub- 
mission form in Rapid Review. Adherence to the fol- 
lowing guidelines, in addition to the general ones above, 
will help to minimize costs and to ensure color repro- 
duction that is as accurate as possible. 

Include only the significant portions of illustrations so 
that the number of printed pages containing color fig- 
ures is minimized. The individual panels of a single fig- 
ure must be assembled in a single file, including any 
necessary labels. Optimal color reproduction will be ob- 
tained if the composites comprise panels containing sim- 
ilar colors of similar lightness or darkness. If necessary, 
make unlike panels into separate figures/files; this will 
increase the cost, but the color rendition will be more 
accurate since the two panels will be "scanned" sepa- 
rately. 

Drawings 

Submit graphs, charts, complicated chemical or math- 
ematical formulas, diagrams, and other drawings as fin- 
ished products not requiring additional artwork or type- 
setting. No part of the graph or drawing may be 
handwritten. All elements, including letters, numbers, 
and symbols, must be easily readable, and both axes of a 
graph must be labeled. Keep in mind that the journal is 
published both in print and online and that the same 
electronic files submitted by the authors are used to 
produce both. 

When creating line art, please use the following guide- 
lines: 

1. All art MUST be submitted at its intended publica- 
tion size. For acceptable dimensions, see the Size 
section above. 
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2. Avoid using screens (i.e., shading) in line art. It can 
be difficult and time-consuming to reproduce these 
images without moire patterns. Various pattern back- 
grounds are preferable to screens as long as the pat- 
terns are not imported from another application. If 
you must use images containing screens, 

• Generate the image at line screens of 85 lines 
per inch or lower. 

• When applying multiple shades of gray, differ- 
entiate the gray levels by at least 20%. 

• Never use levels of gray below 20% or above 70% 
as they will fade out or become totally black upon 
scanning and reduction. 

3. Use thick, solid lines that are no finer than 1 point in 
thickness. 

4. No type should be smaller than 9 point at the final 
publication size. 

5. Avoid layering type directly oyer shaded or textured 
areas. 

6. Avoid the use of reversed type (white lettering on a 
black background). 

7. Avoid heavy letters, which tend to close up, and un- 
usual symbols, which the printer may not be able to 
reproduce in the legend. 

8. If colors are used, avoid using similar shades of the 
same color and avoid very light colors. 

In figure ordinate and abscissa scales (as well as table 
column headings), avoid the ambiguous use of numbers 
with exponents. Usually, it is preferable to use the 
Systeme International d'Unites (SI) symbols (jjl for 10" 6 , 
m for 10" 3 , k for 10 3 , M for 10 6 , etc.). A complete listing 
of SI symbols can be found in the International Union of 
Pure and Applied Chemistry (IUPAC) "Manual of Sym- 
bols and Terminology for Physicochemical Quantities 
and Units" (Pure Appl. Chem. 21:3-44, 1970). Thus, 
a representation of 20,000 cpm on a figure ordinate is to 
be made by the number 20 accompanied by the label 
kcpm. 

When powers of 10 must be used, the journal re- 
quires that the exponent power be associated with the 
number shown. In representing 20,000 cells per ml, 
the numeral on the ordinate would be "2" and the 
label would be "10" cells per ml" (not "cells per ml X 
10 -4 "). Likewise, an enzyme activity of 0.06 U/ml 
would be shown as 6 accompanied by the label 10~ 2 
U/ml. The preferred designation would be 60 mU/ml 
(milliunits per milliliter). 

Presentation of Nucleic Acid Sequences 

Nucleic acid sequences of limited length which are the 
primary subject of a study may be presented freestyle in the 
most effective format. Longer nucleic acid sequences must 
be presented as figures in the following format to conserve 



space. Print the sequence in lines of approximately 100 to 
120 nucleotides in a nonproportional (monospace) font 
that is easily legible when published with a line length of 6 
inches (ca. 15.2 cm). If possible, lines of nucleic acid se- 
quence should be further subdivided into blocks of 10 or 20 
nucleotides by spaces within the sequence or by marks 
above it. Uppercase and lowercase letters may be used to 
designate the exon-intron structure, transcribed regions, 
etc., if the lowercase letters remain legible at a 6-inch (ca. 
15.2-cm) line length. Number the sequence line by line; 
place numerals, representing the first base of each line, to 
the left of the lines. Minimize spacing between lines of 
sequence, leaving room only for annotation of the se- 
quence. Annotation may include boldface, underlining, 
brackets, boxes, etc. Encoded amino acid sequences may be 
presented, if necessary, immediately above or below the first 
nucleotide of each codon, by using the single-letter amino acid 
symbols. Comparisons of multiple nucleic acid sequences 
should conform as nearly as possible to the same format. 

Figure Legends 

Legends should provide enough information so that 
the figure is understandable without frequent reference 
to the text. However, detailed experimental methods 
must be described in the Materials and Methods section, 
not in a figure legend. A method that is unique to one of 
several experiments may be reported in a legend only if 
the discussion is very brief (one or two sentences). De- 
fine all symbols used in the figure and define all abbre- 
viations that are not used in the text. 



Tables 

Tables that contain artwork, chemical structures, or 
shading must be submitted as illustrations in an acceptable 
format at the modification stage. Regular tables must be 
submitted either as Word, WordPerfect, or Acrobat PDF 
files. Note that a straight Excel file is not an acceptable 
format. Excel files must either be embedded in a Word or 
WordPerfect document or be converted to PDF before 
being uploaded. Although PDF files and word processing 
files with embedding are not generally acceptable for pro- 
duction purposes, they are acceptable for tables. Unlike the 
other parts of a manuscript, tables are not produced from 
the author's source files. They must be rekeyed by the 
printer before going into a page composition program. If 
your modified manuscript contains PDF tables, select "for 
reviewing purposes only" at the beginning of the file up- 
load process. 

Tables should be formatted as follows. Arrange the 
data so that columns of like material read down, not 
across. The headings should be sufficiently clear so that 
the meaning of the data is understandable without ref- 
erence to the text. See the Abbreviations section (p. 15) 
of these Instructions for those that should be used in 
tables. Explanatory footnotes are acceptable, but more 
extensive table "legends" are not. Footnotes should not 
include detailed descriptions of the experiment. Tables 
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must include enough information to warrant table for- 
mat; those with fewer than six pieces of data will be 
incorporated into the text by the copy editor. Table 1 is 
an example of a well-constructed table. 



TABLE 1 . Distribution of protein and ATPase in fractions of 
dialyzed membranes" 









Membrane 




U/mg ol 


f Total U 








Control 


Depleted membrane 


0.036 


2.3 




Concentrated supernatant 


0.134 


4.82 


El treated 


Depleted membrane 


0.034 


1.98 




Concentrated supernatant 


0.11 


4.6 



" Specific activities of ATPase of nondepleted membranes from control and 
treated bacteria were 0.21 and 0.20, respectively. 



Cover Photographs and Drawings 

JVI publishes photographs and drawings on the front 
cover. Invitations are issued to authors whose manu- 
scripts are returned for modification or whose manu- 
scripts have been accepted for publication in JVI; ma- 
terial should be related to the work presented in the 
manuscript. Unsolicited material will also be considered, 
however. No material submitted for consideration will 
be returned to the author. Copyright for the chosen 
material must be transferred to ASM. A short descrip- 
tion of the cover material will be included at the end of 
the table of contents or the author index of the issue. 
Technical specification's .are 'avaira^letfromithe/cover^;. 
ltor^.DaruehDiMaio (e-mail: dajnjel.dmiajp@yaje;iedu); " 



NOMENCLATURE 

Chemical and Biochemical Nomenclature 

The recognized authority for the names of chemical 
compounds is Chemical Abstracts (Chemical Abstracts 
Service, Ohio State University, Columbus) and its in- 
dexes. The Merck Index, 13th ed. (Merck & Co., Inc., 
Whitehouse Station, N.J., 2001), is also an excellent 
source. For biochemical terminology, including abbrevi- 
ations and symbols, consult Biochemical Nomenclature 
and Related Documents (1978; reprinted for The Bio- 
chemical Society, London, England) and the instructions 
to authors of the Journal of Biological Chemistry and the 
Archives of Biochemistry and Biophysics (first issues of 
each year). 

Do not express molecular weight in daltons; molecular 
weight is a unitless ratio. Molecular mass is expressed in 
daltons. 

For enzymes, use the recommended (trivial) name 
assigned by the Nomenclature Committee of the Inter- 
national Union of Biochemistry (IUB) as described in 
Enzyme Nomenclature (Academic Press, Inc., New York, 
N.Y., 1992). If a nonrecommended name is used, place 



the proper (trivial) name in parentheses at first use in 
the abstract and text. Use the EC number when one has 
been assigned, and express enzyme activity either in 
katals (preferred) or in the older system of micromoles 
per minute. 

For nomenclature of restriction enzymes, DNA meth- 
yltransferases, homing endonucleases, and their genes, 
refer to the article by Roberts et al. (Nucleic Acids Res. 
31:1805-1812, 2003). 



Nomenclature of Mice 

For mouse strain and genetic nomenclature, ASM 
encourages authors to refer to the guidelines set forth by 
the International Committee on Standardized Genetic 
Nomenclature for Mice, available on the Mouse Ge- 
nome Database home page at http://www.informatics 
.jax.org and in Genetic Variants and Strains of the Labo- 
ratory Mouse, 3rd ed. (M. F. Lyon et al., ed., Oxford Uni- 
versity Press, Oxford, England, 1996). 



Nomenclature of Viruses 

Names used for viruses should be those approved by 
the International Committee on Taxonomy of Viruses 
(ICTV) and published in Virus Taxonomy: Classification 
and Nomenclature of Viruses, Seventh Report of the Inter- 
national Committee on Taxonomy of Viruses (M. H. V. 
van Regenmortel et al., ed., Academic Press, San Diego, 
Calif., 2000). In addition, the recommendations of the 
ICTV regarding the use of species names should gener- 
ally be followed: when the entire species is discussed as 
a taxonomic entity, the species name, like other taxa, is 
italic and has the first letter and any proper nouns cap- 
italized (e.g., Tobacco mosaic virus, Murray Valley enceph- 
alitis virus). When the behavior or manipulation of individ- 
ual viruses is discussed, the vernacular (e.g., tobacco 
mosaic virus, Murray Valley encephalitis virus) should be 
used. If desired, synonyms may be added parenthetically 
when the name is first mentioned. Approved generic (or 
group) and family names may also be used. 



Nomenclature of Bacteria 

Binary names, consisting of a generic name and a 
specific epithet (e.g., Escherichia coli), should be used 
for all bacteria. Names of categories at or above the 
genus level may be used alone, but specific and subspe- 
cific epithets may not. A specific epithet must be pre- 
ceded by a generic name, written out in full the first time 
it is used in a paper. Thereafter, the generic name should 
be abbreviated to the initial capital letter (e.g., E. coli), 
provided there can be no confusion with other genera 
used in the paper. Names of all taxa (kingdoms, phyla; 
classes, orders, families, genera, species, and subspecies) 
are printed in italics; strain designations and numbers are 
not. 
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Genetic Nomenclature 

To facilitate accurate communication, it is important 
that standard genetic nomenclature be used whenever 
possible and that deviations or proposals for new nam- 
ing systems be endorsed by an appropriate authoritative 
body. Review and/or publication of submitted manu- 
scripts that contain new or nonstandard nomenclature 
may be delayed by the editor or the Journals Depart- 
ment so that they may be reviewed by the Genetics and 
Genomics Committee of the ASM Publications Board, 
i Before submission of manuscripts; authors may'direct 
questions on genetic nomenclature to ^ me-committee!s 
chairman: Maria Costanzo (e-mail: maria@genome 
'.stanford.edu) Such a consultation should ; be_h^'ritibhed 
in ,the,mahuscript submission Jettef;' 

When appropriate for virai genetic systems, use the 
recommendations of Demerec et al. (Genetics 54:61-76, 
1966) as a guide. 

(i) Phenotype designations must be employed when 
mutant loci have not been identified or mapped. They 
can also be used to identify the protein product of a 
gene, e.g., the OmpA protein. Phenotype designations 
generally consist of three-letter symbols; these are not 
italicized and the first letter of the symbol is capitalized. 
It is preferable to use Roman or Arabic numerals (in- 
stead of letters) to identify a series of related pheno- 
types. Thus, a series of bacteriocin-tolerant mutants 
might be designated Toll, TolII, TolIII, etc, or a series 
of nucleic acid polymerase mutants might be designated 
Poll, Pol2, Pol3, etc. Wild-type characteristics can be 
designated Tol + or Pol + , and, when necessary for clarity, 
negative superscripts (Tol~ Pol - ) can be used to desig- 
nate mutant characteristics. Lowercase superscript let- 
ters may be used to further delineate phenotypes (e.g., 
Sir 1 for streptomycin resistance). Phenotype designa- 
tions should be defined. 

(ii) Genotype designations are also indicated by three- 
letter locus symbols. These are lowercase italic (e.g.,pol 
src). If several loci govern related functions, these are 
distinguished by italicized capital letters following the 
locus symbol. 

(iii) Wild-type alleles are indicated with a superscript 
plus (ara + his + ). A superscript minus is not used to 
indicate a mutant locus; thus, one refers to an ara mu- 
tant rather than an ara~ strain. 

(iv) The rules for genetic nomenclature of viruses 
(phages) differ from those of bacteria. As a general rule, 
the entire description of a virus is italicized, including 
the designations am or sus (amber suppressive) and ts 
(temperature sensitive). Superscripts are employed to 
indicate hybrid genomes. Genetic symbols may be one, 
two, or three letters. For example, a mutant strain of X 
might be designated X cI857 intl redll4 susAll; this 
strain carries mutations in genes cl, int, and red and a 
suppressible (sus) mutation in gene A. A strain desig- 
nated X imm att AM would represent a hybrid of phage 
\ which carries the immunity (imm) region of phage 21 
and the attachment (att) region of phage 434. Host DNA 
insertions into viruses should be delineated by square 



brackets, and the genetic symbols and designations for 
such inserted DNA should conform to those employed 
for the host genome. Genetic symbols for phage X can be 
found in reports by Echols and Murialdo (Microbiol. Rev. 
42:577-591, 1978) and Szybalski and Szybalski (Gene 
7:217-270, 1979). 

"Mutant" versus "mutation." Authors are reminded 
of the distinction between a mutation (an alteration of 
the primary sequence of the genetic material) and a 
mutant (a strain carrying one or more mutations). One 
may speak about the mapping of a mutation, but one 
cannot map a mutant. Likewise, a mutant has no genetic 
locus, only a phenotype. 

"Homology" versus "similarity." For use of terms 
that describe relationships between genes, consult the 
articles by Theissen (Nature 415:741, 2002) and Fitch 
(Trends Genet. 16:227-231, 2000). 

"Homology" implies a relationship between genes 
that share a common evolutionary origin; partial homol- 
ogy is not recognized. When sequence comparisons are 
discussed, it is more appropriate to use the term "per- 
cent sequence similarity" or "percent sequence identity," 
as appropriate. 



ABBREVIATIONS AND CONVENTIONS 
Verb Tense 

ASM strongly recommends that for clarity you use the 
past tense to narrate particular events in the past, in- 
cluding the procedures, observations, and data of the 
study that you are reporting. Use the present tense for 
your own general conclusions, the conclusions of previ- 
ous researchers, and generally accepted facts. Thus, most 
of the abstract, Materials and Methods, and Results will 
be in the past tense, and most of the introduction and 
some of the Discussion will be in the present tense. 

Be aware that it may be necessary to vary the tense in 
a single sentence. For example, it is correct to say 
"White (30) demonstrated that XYZ cells grow at pH 
6.8," "Figure 2 shows that ABC cells failed to grow at 
room temperature," and "Air was removed from the 
chamber and the mice died, which proves that mice re- 
quire air." In reporting statistics and calculations, it is 
correct to say "The values for the ABC cells are statis- 
tically significant, indicating that the drug inhibited 

For an in-depth discussion of tense in scientific writ- 
ing, see p. 207-209 in How To Write and Publish a Sci- 
entific Paper, 5th ed. 

Abbreviations 

General. Abbreviations should be used as an aid to 
the reader, rather than as a convenience to the author, 
and therefore their use should be limited. Abbreviations 
other than those recommended by the IUPAC-IUB (Bio- 
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chemical Nomenclature and Related Documents, 1978) 
should be used only when a case can be made for ne- 
cessity, such as in tables and figures. 

It is often possible to use pronouns or to paraphrase a 
long word after its first use (e.g., "the drug" or "the sub- 
strate"). Standard chemical symbols and trivial names or 
their symbols (folate, Ala, Leu, etc.) may also be used. 

It is strongly recommended that all abbreviations ex- 
cept those listed below be introduced in the first para- 
graph in Materials and Methods. Alternatively, define 
each abbreviation and introduce it in parentheses the 
first time it is used; e.g., "cultures were grown in Eagle 
minimal essential medium (MEM)." Generally,- elimi- 
nate abbreviations that are not used at least three times 
in the text (including tables and figure legends). 

Not requiring introduction. In addition to abbrevia- 
tions for Systeme International d 'Unites (SI) units of 
measurement, other common units (e.g., bp, kb, and Da), 
and chemical symbols for the elements, the following 
should be used without definition in the title, abstract, 
text, figure legends, and tables: DNA (deoxyribonucleic 
acid); cDNA (complementary DNA); RNA (ribonucleic 
acid); cRNA (complementary RNA); RNase (ribonu- 
clease); DNase (deoxyribonuclease); rRNA (ribosomal 
RNA); mRNA (messenger RNA); tRNA (transfer 
RNA); AMP, ADP, ATP, dAMP, ddATP, GTP, etc. (for 
the respective 5' phosphates of adenosine and other 
nucleosides) (add 2'-, 3'-, or 5'- when needed for con- 
trast); ATPase, dGTPase, etc. (adenosine triphospha- 
tase, deoxyguanosine triphosphatase, etc.); NAD (nico- 
tinamide adenine dinucleotide); NAD + (nicotinamide 
adenine dinucleotide, oxidized); NADH (nicotinamide 
adenine dinucleotide, reduced); NADP (nicotinamide 
adenine dinucleotide phosphate); NADPH (nicotin- 
amide adenine dinucleotide phosphate, reduced); NADP + 
(nicotinamide adenine dinucleotide phosphate, oxidized); 
poly(A), poly(dT), etc. (polyadenylic acid, polydeoxythy- 
midylic acid, etc.); oligo(dT), etc. (oligodeoxythymidylic 
acid, etc.); UV (ultraviolet); PFU (plaque-forming 
units); CFU (colony-forming units); MIC (minimal inhib- 
itory concentration); Tris [tris(hydroxymethyl)amino- 
methane]; DEAE (diethylaminoethyl); EDTA (ethyl- 
enediaminetetraacetic acid); EGTA [ethylene glycol-bis 
(0-aminoethyl ether)-AyvyV',N'-tetraacetic acid]; HEPES 
(Af-2-hydroxyethylpiperazine-iV' -2-ethanesulfonic acid) ; 
PCR (polymerase chain reaction); and AIDS (acquired 
immunodeficiency syndrome). Abbreviations for cell 
lines (e.g., HeLa) also need not be defined. 

The following abbreviations should be used without 
definition in tables: 



amt (amount) 

approx (approximately) 

avg (average) 

concn (concentration) 

diam (diameter) 

expt (experiment) 



SE (standard error) 
SEM. (standard error of t 

sp act (specific activity) 
sp gr (specific gravity) 
temp (temperature) 



exptl (experimental) tr (trace) 

ht (height) vol (volume) 

mo (month) vs (versus) 

mol wt (molecular weight) wk (week) 

no. (number) wt (weight) 

prepn (preparation) yr (year) 
SD (standard deviation) 

Reporting Numerical Data 

Standard metric units are used for reporting length, 
weight, and volume. For these units and for molarity, use 
the prefixes m, u., n, and p for 10~ 3 , 10" 6 , 10~ 9 , and 10~ 12 , 
respectively. Likewise, use the prefixes c for 10 -2 and k 
for 10 3 . Avoid compound prefixes such as mu, or p,u.. Use 
u,g/ml or u,g/g in place of the ambiguous ppm. Units of 
temperature are presented as follows: 37°C or 324 K. 

When fractions are used to express units such as en- 
zymatic activities, it is preferable to use whole units, such 
as g or min, in the denominator instead of fractional or 
multiple units, such as u,g or 10 min. For example, 
"pmol/min" is preferable to "nmol/10 min," and "u,mol/ 
g" is preferable to "nmol/u.g." It is also preferable that 
an unambiguous form such as exponential notation be 
used; for example, "u,mol g _1 min -1 " is preferable to 
"u.mol/g/min." Always report numerical data in the ap- 
propriate SI units. 

; , FbrTa review of some common errors ; :assbciated with 
statistical analyses and reports, plus guidelines on how to 
avoid'them, see the>rticle by C. Olsen (Infect. •Immun. 
71:6689-6692, 2003). ----- 

Isotopically Labeled Compounds 

For simple molecules, labeling is indicated in the 
chemical formula (e.g., 14 C0 2 , ^Cand H 2 35 S0 4 ). 
Brackets are not used when the isotopic symbol is at- 
tached to the name of a compound that in its natural 
state does not contain the element (e.g., 32 S-ATP) or to 
a word that is not a specific chemical name (e.g., 131 I- 
labeled protein, 14 C-amino acids, and 3 H-ligands). 

For specific chemicals, the symbol for the isotope in- 
troduced is placed in square brackets directly preceding 
the part of the name that describes the labeled entity. 
Note that configuration symbols and modifiers precede 
the isotopic symbol. The following examples illustrate 
correct usage: 



[»C]urea 
[2,3- 3 H]serine 
[ 7 - 32 P]ATP 
SV40 [ 32 P]DNA 



L-[me%/- 14 C]methionine 

[a-»C]lysine 

UDP-[U- 14 C]glucose 

fructose l,6-[l- 32 P]bisphosphati 



JVI follows the same conventions for isotopic labeling 
as the Journal of Biological Chemistry, and more-detailed 
information can be found in the instructions to authors 
of that journal (first issue of each year). 
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Abstract 

Human tumour xenografts implanted subcutaneously (s.c.) into immunosuppressed mice have played a significant role in pre- 
clinical anticancer drug development for the past 25 years. Their use as a predictive indicator of probable clinical activity has been 
validated for cytotoxics. A retrospective analysis for 39 compounds where both extensive xenograft testing and Phase II clinical 
data were available, performed by the National Cancer Institute (NCI), has shown that 15/33 agents (45%) with activity in more 
than one-third of xenografts showed clinical activity (P=0.04). However, with the exception of non-small cell lung cancer, activity 
within a particular histological type of the xenograft generally did not predict for clinical activity in the same tumour. Today, the 
question (largely unanswered) is how useful is the xenograft model (particularly the traditional s.c. model) in contemporary cancer 
drug discovery? There are many variables when conducting xenograft experiments which impact on outcome; viz, site of implan- 
tation, growth properties of the xenograft and size when treatment is initiated, agent formulation, scheduling, route of adminis- 
tration and dose and the selected endpoint for assessing activity. The xenograft model remains of value in current preclinical cancer 
drug development, especially when such studies give due consideration to the above variables and are based on sound mechanistic 
(e.g. status of the selected target in the chosen model) and pharmacological (e.g. use of formulated agent) principles. Dependent 
upon the drug target, a slowing of xenograft tumour growth (cytostatic effect) rather than tumour shrinkage might be the major 
observed effect. Human tumour xenografts are also particularly useful in determining pharmacodynamic markers of response for 
subsequent clinical application. Nevertheless, it needs to be kept in mind that the use of xenografts is relatively time-consuming and 
expensive, raises animal ethical issues and there are instances where the model is inappropriate as a likely predictor of clinical 
outcome (e.g. inhibitors of the metastatic process and anti-angiogenic strategies as the vasculature is of murine origin). 
© 2004 Elsevier Ltd. All rights reserved. 

Keywords: Athymic nude mouse model; Anti-cancer drug development; Review; Human tumour xenografts; Limitations 



1. Introduction 

Contemporary anticancer drug development is a 
multi-million dollar and time-consuming business. 
Typically, from concept to the completion of Phase III 
clinical trials and gaining regulatory approval requires 
in excess of 10 years and as much as 500 million dollars. 
For the first quarter of a century of modern cancer drug 
development (circa 1945-1969), thousands of generally 
randomly produced molecules were tested in mice bear- 
ing rapidly growing murine leukaemias (e.g. P388 and 
LI 210) [1]. In 1969, came the first report of the growth 
of a human tumour in an immunodeficient "nude" 

* Tel.: +44-208-772-4393; fax: +44-208-767-1809. 
E-mail address: lloyd@antisoma.com (L.R. Kelland). 



(athymic) mouse [2]. Since then, human tumour xeno- 
grafts grown in nude [3] or in mice with severe com- 
bined immunodeficiency (SCID) [4] have covered all of 
the major tumour types and represented the mainstay of 
preclinical anticancer drug development testing in vivo. 

The modern paradigm for anticancer drug discovery, 
as widely used by drug companies and within some 
academic groups, comprises a series of carefully con- 
structed steps that are designed to rapidly and efficiently 
allow "proof of principle", pharmaceutically-tractable, 
molecules to be tested in Phase I and II clinical trials. 
Such a cascade (Fig. 1) may be envisaged as a large 
number of molecules feeding into a series of iterative 
stop/go tests of increasing biological complexity. The 
concept of "therapeutic index", that is the demonstra- 
tion of antitumour efficacy at doses well below those 
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In an industry where time is paramount, should we dis- 
pense with relatively slow and laborious xenograft effi- 
cacy determinations in favour of some more rapid, 
higher-throughput alternative (e.g. the hollow fibre 
assay [6])? 

Hence, this article aims to provide a critical review of 
the role of human tumour xenografts transplanted in 
athymic (or SCID) mice in contemporary cancer drug 
development. Both values and liabilities will be dis- 
cussed specifically in the context of experience with 
firstly cytotoxic platinum-based molecules and secondly 
with small molecules targeted against contemporary 
cancer targets (e.g. farnesyltransferase, heat shock pro- 
tein 90, telomerase and tumour vasculature). 
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Fig. 1 . Generic contemporary drug evaluation cascade. PD, pharma- 
codynamics; PK, pharmacokinetics; MTD, maximum tolerated dose. 



causing severe toxicities, is also a long-established 
paradigm in preclinical drug discovery [5]. A key part of 
the preclinical stage of the process, and often represent- 
ing a significant bottleneck, is the demonstration of 
antitumour efficacy in a "relevant" tumour model in 
vivo. 

However, what is the place for the nude mouse xeno- 
graft model in cancer drug development today in this 
post-genomic era? What are its values? What are its 
limitations? Is testing in vivo even required — could pre- 
dictive answers be obtained solely using human tumour 
cells in culture or even using in silico methodology, thus 
avoiding the increasing ethical issues raised by animal 
experimentation? As opposed to the previous era of 
"cytotoxic" cancer drugs, contemporary cancer drug 
development encompasses a wide variety of approaches 
generally based on attacking specific molecular targets 
where often, cytostatic rather than cytotoxic effects may 
be predicted. Thus, a slowing of tumour growth rather 
than shrinkage may occur. This may require a re-eval- 
uation of the in vivo models developed and validated 
using cytotoxic drugs when testing such agents. Even 
within mouse models, is it the case that, in some 
instances, murine syngeneic models (often dismissed 
since the advent of human tumour models), transgenic 
models or orthotopic models may be more appropriate 
to use than human subcutaneously (s.c.) implanted 
xenografts in immune-suppressed animals? In some 
cases, maybe there is no appropriate preclinical model? 



2. Human tumour xenografts: a validated model in the 
development of cytotoxic drags 

Within a few years of the original description of the 
nude mouse model, the Developmental Therapeutics 
Program at the National Cancer Institute (NCI) adop- 
ted, in 1976, the use of 3 human tumour s.c. xenografts 
(one representing each of colon, CX-1, breast, MX-1, 
and lung, LX-1, cancers) into its in vivo cancer drug 
screening programme [7]. Since then, although far 
greater emphasis has been placed on initial screening 
using panels of disease-oriented human tumour cell lines 
[8], the xenograft model has remained important. Early 
studies by Giovanella and colleagues [3] indicated that 
higher take rates were obtainable using cultured cells 
rather than when tumours were transplanted directly 
from patient biopsies (but see below). Later efforts at 
the NCI focused on the establishment of s.c. xenograft 
models from each of the 60 human tumour cell lines 
used in the in vitro screen [7]. 

In parallel, from the outset of xenografts being estab- 
lished from a variety of tumour types, numerous studies 
during the 1970s evaluated the predictive utility of the 
xenograft model in terms of responsiveness to "stan- 
dard" anticancer drugs in relation to their effectiveness 
against corresponding tumour types in patients. Steel 
and colleagues established s.c. xenografts from a variety 
of tumour types (actually in conventional CBA mice 
that had been immuno-suppressed by thymectomy, 
cytosine arabinoside treatment and whole-body irradia- 
tion) and recorded that "human tumour xenografts 
broadly maintain the level of chemotherapeutic respon- 
siveness of the source tumours in man" [9]. For exam- 
ple, xenografts derived from testicular teratomas and 
small cell lung tumours (both of which are relatively 
responsive to drugs in man) responded well, whereas 
xenografts derived from melanomas, colorectal and 
non-small cell lung tumours responded poorly. Overall, 
a total of 329 tumours were investigated; 34 (52% suc- 
cess rate) of colorectal xenografts were established, 9 
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(60%) of melanomas, 11 (23%) of ovarian cancers, 8 
(10%) of breast cancers and 14 (30%) of testicular 
tumours. In addition, it was found that the histological 
characteristics of the source tumours were generally well 
maintained by xenografts. Responses to a variety of 
"standard" drugs available at this time were assessed 
either in situ (by growth delay from calliper measure- 
ments) or ex vivo by assessment of clonogenic cell sur- 
vival using a soft-agar based assay [10]. 

From the early days, human tumour xenografts were 
established either by direct implantation of patient 
biopsy material or via inoculation of continuous human 
tumour cell lines. A particularly important large panel 
of xenografts, derived directly from biopsies, has been 
established by Fiebig and colleagues at the University of 
Freiburg in Germany [11]. More than 1600 tumours 
have been transplanted s.c. into nude mice and more 
than 300 xenografts established, representative of all of 
the major tumour types. A comparison of drug response 
in the xenograft compared with that in the patient was 
made in 80 cases in 55 xenografts using either an in vivo 
assay (a comparison of treated versus control tumour 
volumes) or ex vivo using a soft agar clonogenic assay 
from disaggregated tumours. In accordance with the 
earlier studies of Steel and colleagues alluded to above, 
the xenografts predicted correctly for clinical response 
in 19/21 (90%) of occasions when using the in vivo assay 
(this was reduced a little to 60% using the clonogenic 
assay) and predicted for resistance in 57/59 (97%) of 
occasions when using the in vivo assay (92% for the 
clonogenic assay). 

In addition, the response pattern of more recently 
discovered clinically active drugs, paclitaxel, gemcita- 
bine, docetaxel, vindesine and topotecan, was deter- 
mined in 187 xenografts. Overall, the 5 drugs induced 
remissions in 24% (45/187) of the xenografts studied, 
whereas minor regressions or no change occurred in 
13% of cases while 63% (117/187) of xenografts pro- 
gressed on treatment. These findings are similar to the 
overall response rates recorded for monotherapy clinical 
trials with these agents. In addition, more responses 
(37%) were seen in a sub-group of tumours classified by 
the authors as clinically sensitive (small cell and non- 
small cell lung, breast, head and neck, leukaemia, mela- 
noma, non-Hodgkin's lymphoma, gastric, testis) in 
comparison with those designated as resistant (4%; 
bladder, colon, cervix, central nervous system (CNS), 
hepatoma, mesothelioma, ovary, pancreas, prostate, 
renal soft tissue sarcoma). In recent years, this panel has 
been used to identify new drugs. 



3. Use in cytotoxic cancer drug development 

In addition, during the 1980s, many groups estab- 
lished disease-specific panels of xenografts from patient 



biopsies for the purposes of either studying tumour 
biology, responses to existing therapy (radiotherapy or 
chemotherapy) or for the discovery of specific classes of 
new drugs. A particular emphasis at the Institute of 
Cancer Research, London, was to establish parallel 
panels of in vitro cell lines (as a renewable source for 
biochemical and molecular studies) and corresponding 
in vivo xenograft counterparts (for pharmacological 
studies). This was firstly achieved for carcinoma of the 
cervix where 9 serially transplantable xenograft lines 
(and 4 parallel continuous cell lines) were established 
from 23 original biopsies [12,13]. The in vivo response to 
3 commonly used drugs at the time (cisplatin, etoposide 
and bleomycin) performed in 3 xenografts showed the 
models to he relatively unresponsive [13]. A comparison 
of the in vitro and in vivo radiation response for 3 of the 
cell lines/xenografts revealed a general tendency for the 
in vivo results to follow that predicted from the in vitro 
studies [14]. 

The approach of using disease-specific in vitro cell 
lines and corresponding xenografts for cancer drug dis- 
covery was used in a programme designed to discover 
more effective analogues of cisplatin and carboplatin. 
To begin with, a panel of 23 serially transplantable 
ovarian cancer xenografts were established in female 
nude mice from 42 donor samples (from both previously 
treated and untreated patients) [15]. Initial "calibra- 
tion" studies determined the response of 16 of the 
xenografts to cisplatin and carboplatin and two other 
platinum-containing agents (iproplatin and tetraplatin 
which were undergoing clinical testing in the late 1980s). 
Three distinct patterns of response were observed; 
comparative responsiveness to all 4 platinum drugs (2 
lines), resistance to all 4 drugs (5 lines) and individual 
drug-specific responses (9 lines). Notably, it was also 
possible to confirm that in 8/9 lines, the therapeutic 
response of the xenograft reflected that recorded in the 
corresponding ovarian cancer patient receiving plati- 
num-based chemotherapy. 

Secondly, attempts were made to establish parallel cell 
line and xenograft counterparts; a total of 8 such paired 
models were established and sensitivities to cisplatin and 
carboplatin compared in vitro versus in vivo [16]. This 
study highlighted the comparative ease of establishing 
xenografts from cell lines (6/8 paired models were 
derived in this way) versus the comparative difficulty of 
establishing cell lines from xenografts. Although this 
was attempted on numerous occasions over several 
years for all 16 ovarian models used in the above 
described platinum calibration studies, cell lines were 
only derived from two xenografts (HX62 and PXN94). 
This was predominantly because of the propensity for 
primary cultures derived from xenografts to be rapidly 
overrun by murine fibroblasts. By contrast, as described 
above for cervical carcinoma, a greater success rate was 
obtained by splitting an original biopsy sample, part for 
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cell line establishment and part for direct s.c. implanta- 
tion into nude mice. Notably, despite the presumed very 
different selection pressures operating with cell line 
versus xenograft establishment, a high statistically sig- 
nificant positive correlation for in vitro sensitivity versus 
in vivo responsiveness was obtained for both cisplatin 
and carboplatin [16]. This is illustrated in Fig. 2 and led 
directly to the incorporation of these paired models into 
a platinum drug discovery evaluation cascade [17]. 

The ovarian cancer models were further extended in 
the platinum drug discovery context by the establish- 
ment of pairs of platinum-drug sensitive and resistant 
lines [18]. In contrast to most drug resistance studies, 
where resistance was generated through repeated expo- 
sure of tumour cell lines to increasing concentrations of 
drug (often in excess of those achievable in plasma in 
vivo) in vitro, 7/8 of these platinum-resistant ovarian 
cancer models were established in vivo by repeated 
treatment of mice bearing xenografts (and repeated 
passaging into new donors) to cisplatin, carboplatin, 
iproplatin or tetraplatin. Biochemical studies elucidat- 
ing the major mechanisms of platinum drug resistance 
these acquired resistant cell line (and xenograft) 
models were then carried out. Paired cisplatin sensitive 
and acquired or intrinsic resistant cell line and xenograft 
models were then used over several years to screen in 
excess of 500 platinum analogues, with the aim of find- 
ing new platinum drugs possessing a greater spectrum of 
activity than cisplatin/carboplatin. Two drugs, the 
orally bioavailable JM216 (Satraplatin) and AMD473 
were introduced into the clinic [19]. While both have 
demonstrated clinical activity (e.g. in ovarian and hor- 
mone-refractory prostate cancer) the activity of 
AMD473 against acquired cisplatin-resistant ovarian 
cancer was relatively modest [20]. In many respects, this 
was reflected in the preclinical xenograft data for this 
compound as pronounced activity against intrinsic or 
acquired cisplatin resistant ovarian carcinoma xeno- 
grafts was limited to one model (CHlcisR) [21]. 



Fig. 2. Positive correlation for cisplatin between in vivo response of 
xenografts versus in vitro potency for corresponding cell line, across 8 
human ovarian carcinoma models (replotted from Ref. 16). IC 50 , 
concentration causing 50% cell growth inhibition; T/C, treated versus 
control values. 



The most compelling evidence for the value of the s.c. 
xenograft model in cytotoxic cancer drug development 
comes from an extensive retrospective analysis from the 
NCI [22]. For 39 compounds, where both xenograft and 
Phase II data were available, activity (defined as either 
an increase of mouse survival by more than 25% or by a 
reduction in tumour weight in treated versus controls to 
greater than 40%) in at least one-third of tested xeno- 
grafts, predicted for activity in at least some Phase II 
trials. Clinical activity (defined as responses in at least 
two tumour types) was not observed for any of the 6 
agents where preclinical activity was seen in fewer than 
one-third of xenograft models tested. By contrast, 15/33 
agents (45%) with activity in more than one- third of 
xenografts showed clinical activity (P = 0.04). Of the 39 
agents evaluated, many may be considered as "standard" 
anticancer agents in use today (such as methotrexate, 
chlorambucil, 5-fiuorouracil, cisplatin, paclitaxel, vin- 
blastine, irinotecan, docetaxel, doxorubicin and cyclo- 
phosphamide). These data suggest that, at least for 
existing cytotoxic anticancer drugs, the s.c. xenograft 
model is of predictive value. However, activity within a 
particular histological type of xenograft generally did 
not predict for clinical activity in the same tumour, with 
the exception of non-small cell lung cancer. 

Interestingly, the NCI analysis also investigated whe- 
ther correlations exist between activity in xenografts 
versus activity in a shorter-term (6-day) in vivo assay 
(the hollow fibre assay) or even potency against cell 
lines in vitro. Positive correlations could help in the 
preselection of compounds for xenograft testing and 
thereby reduce the number of animals used. The hollow 
fibre assay is a hybrid in vitro/in vivo assay whereby 
particular cell lines from the 60 cell line panel may be 
grown and compounds rapidly tested in vivo [23,6]. In 
this assay, tumour cells (normally two of each of breast, 
ovarian, glioma, colon, melanoma and non-small cell 
lung) are sealed into polyvinylidine fluoride (PVDF) 
biocompatible hollow fibres and implanted into mice in 
two anatomically separate sites, intraperitoneally (i.p.) 
and s.c, and mice dosed i.p. with the test compound at 
two dose levels for up to 4 days. Two days later, fibres 
are removed and the numbers of remaining viable cells 
compared in treated versus control groups [Ref.] 
Decker S, Hollingshead M, Bonomi C, Carter J, Saus- 
ville E (2004). The hollow fibre model in cancer during 
screening: the NCI experience. Eur J Cancer, 40, this 
issue. 

Interestingly, increased activity in the hollow fibre 
assay (especially with i.p. implanted fibres) also pre- 
dicted for increased xenograft activity. Overall, 35% of 
537 compounds tested had activity in at least one xeno- 
graft, whereas this increased to 63% for compounds 
exhibiting a response in more than 10 i.p. fibres [22]. 
The correlation did not occur with s.c. implanted fibres; 
this may be because there is insufficient time for angio- 
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genesis to the fibres to occur in the s.c. setting, thereby 
potentially limiting drug delivery to the tumour cells 
[24]. There was also a strong correlation between 
potency in the 60 cell-line screen and activity in the 
hollow fibre assay. 56% of compounds with a mean 
50% growth inhibition of below 0.032 uM were active 
in at least six i.p. fibres, whereas only 4% of compounds 
with a potency of 100 uM were active to the same level. 

Overall, taking all of the above into consideration, 
one may reasonably conclude that, at least for cytotoxic 
cancer drugs, the human tumour xenograft model, is a 
good predictor of clinical activity. Therefore, it seems 
reasonable and valuable, to continue the testing of new 
cytotoxics using xenografts. This is especially the case 
when used in combination with sound pharmaceutical 
and pharmacological principles (see below). Notably, 
some regulatory authorities (e.g. the European Medi- 
cines Evaluation Agency (EMEA) in its guidance notes 
on the preclinical evaluation of anticancer medicinal 
products, encourage the use of xenograft studies (http:// 
www.eudra.org/emea.html). 



4. A standard operating procedure (SOP) for conducting 
xenograft experiments? 99 ways to determine efficacy 
in a xenograft model: values and limitations 

Before considering whether xenografts should still be 
used in contemporary cancer drug discovery (see 
below), it is critical to appreciate and understand each 
of the many variables that exist in the use of xenografts 
in drug testing. The cancer drug discovery literature is 
overwhelmed with preclinical studies invariably 
describing "active" new molecules where it is then pro- 
posed that these should be tested in the clinic. Com- 
monly, such studies have involved human tumour 
xenografts, but used in a multitude of ways to assess the 
activity of molecules, regrettably, often with limited sci- 
entific rationale in terms of predictive value and inte- 
grating how the corresponding drugs will most likely be 
used in cancer patients. Hence, one needs to interpret 
xenograft studies with caution and bearing in mind the 



many variables that exist. Major variables are listed in 
Table 1 and include the origin of the tumour (i.e. cell 
line versus patient biopsy), target/receptor status of the 
tumour, the site of tumour implantation (e.g. s.c, i.p., 
orthotopic), the size of tumour at the onset of agent 
treatment, growth rate and growth characteristics, agent 
dose, formulation, scheduling and route of administra- 
tion, and experimental endpoints. In the worst case 
scenario, many mice have been used in screening 
experiments of questionable pharmacological relevance 
and predictive value where poorly formulated agents 
(e.g. in Tween-based suspensions) have been adminis- 
tered i.p. to mice within 1-2 days of these mice being 
inoculated, also i.p., with suspensions of tumour cells 
and early assessments of "activity" made. Such studies 
add little to in vitro findings. Furthermore, to date, 
xenografts have often been used without characterisa- 
tion at the molecular level for the particular target being 
addressed. This has made analyses of the value of the 
xenograft model in predicting for activity in patients, 
problematic, and has resulted in a wide-range of views 
being expressed. In view of the above-described large 
retrospective analysis by the NCI, proposals such as 
"activity was seen in the H'1'29 colon xenograft, there- 
fore clinical trials should be conducted in patients with 
colon cancer" are naive, especially in the absence of any 
consideration of pharmacological and pharmacody- 
namic principles. Let us consider some of these impor- 
tant variables. 

4.1. Origin of the xenograft model 

In general, xenografts derived directly from patient 
biopsies, in contrast to those derived from continuous 
cell lines, appear to retain better the morphological and 
molecular marker properties reminiscent of the source 
tumours in man. By contrast, xenografts derived from 
cell lines generally show a more homogeneous, undif- 
ferentiated histology (and, on occasion, loss of the 
target receptors/proteins), probably indicative of the 
higher selection pressure in vitro during extensive cul- 
turing. However, a disadvantage with lines established 



Table 1 

Xenograft testing: variables 

Variable Comment 

Origin of tumour Cell line or patient biopsy 

Site of tumour implantation S.c, i.p., orthotopic 

Growth properties of tumour Doubling time, degree of necrosis, stromal compartment 

Size of tumour at onset of treatment 'chemoprevention', 'early', 'advanced' stage 

Target status of tumour Receptor/antigen density, presence of target 

Agent formulation Suspension or formulated, correlation with proposed cliiuud formulation ' 

Agent scheduling Bolus, chronic, route of administration (i.v., i.p., intratumoral, o™" 



Agent dose 



n tolerated? Pharmacokinetic, Pharmacodynamic correlation? 



Endpoints Increase in life-span. T/C, growth delay. When assessed. 

, subcutaneously; i.p., intraperitoneally; i.v., intravenously. T/C treated versus control values. 
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directly from biopsies is the difficulty in establishing cell 
lines from xenografts (as described above for ovarian 
cancer). Therefore, it is relatively difficult to establish 
parallel in vitro cell line (valuable as a continued source 
of pure human tumour cells for biochemical and 
molecular studies) and corresponding xenograft lines 
(valuable for pharmacological and pharmacodynamic 
studies). However, overall it appears that both xeno- 
grafts derived from cell lines (e.g. the NCI studies) and 
those derived directly from patient biopsies (e.g. the 
Frieburg panel) provide some predictive power for 
selecting cytotoxics with clinical activity. 

4.2. Site of xenograft implantation 

The site of tumour implantation is another important 
variable. While most xenograft experiments use s.c. 
implantation (where it is then relatively easy to assess 
antitumour effects through the use of callipers to deter- 
mine tumour diameter/volume), there are many reports 
of differences in biological behaviour (e.g. ability to 
metastasise and receptor/target status) when tumours 
are grown s.c. relative to orthotopically [25]. In addi- 
tion, one needs to bear in mind the pharmacological 
limitation (relative to chemotherapy in man) of admin- 
istering the test compound at the same site as the 
tumour (e.g. i.p. or intratumorally). 

4.3. Growth characteristics of the model 

It is also widely recognised that not all xenograft 
models are usable for compound screening because of 
their growth properties. Sometimes growth is too slow 
(over many months-this is often an issue with transgenic 
models as well), or too inconsistent/erratic/non-linear 
with time, or they possess cystic or necrotic areas, even 
at relatively small tumour volumes. The occurrence of 
cystic or diffuse necrotic areas (even to the edges of 
some tumours) can often comprise 20-80% of the 
tumour mass, depending upon the model and number of 
passages in mice. Although this effect may be less of a 
problem when SCID mice are used as hosts relative to 
athymic nudes [26], the issue does require consideration 
when using new models. For example, from 1600 
tumour biopsy samples originally implanted into nude 
mice by the Frieburg group, 300 xenograft lines were 
established and 60 of these extensively studied [11]. 
Second, of 9 cervical carcinoma xenograft lines estab- 
lished, only 3 were applicable to routine use because of 
either particularly slow growth and or the tendency for 
possessing diffuse necrosis [13]. 

4.4. Stage at which the treatment begins 

The activity of a test molecule can also be critically 
dependent upon the stage (size) of the tumour at the 



onset of treatment. In some instances, (which may be 
relevant to how this class of agent may be applied to 
man) agents are administered at the same time as 
tumour implantation ("chemoprevention" strategy). 
Herein, a choice of model where the take-rate is repro- 
ducibly greater than 90% and with consistent growth 
properties, is critical. Second, treatments may not begin 
until tumours are just palpable (approx 5 mm diameter, 
around 60 mm 3 ) ("early-stage" strategy). Herein, one 
needs to be aware of the possibility of the residual 
immune system of the host (principally natural killer cell 
activity) also participating in tumour regression or 
cures. Finally, treatment may not begin until tumours 
have reached 8-10 mm diameter ("advanced" stage). In 
many cases, this is more representative of how chemo- 
therapy will be applied in the clinic, but one needs to 
evaluate the possibility that either target expression may 
decrease in larger tumours or that drug uptake/pene- 
tration may be compromised because of poor vascu- 
lature/increased areas of necrosis. In addition, for 
rapidly-growing tumours, tumour sizes/volumes may 
exceed those deemed to be ethically acceptable and 
result in the early termination of experiments before any 
delayed drug-induced toxicity may be evident (see 
below). Issues of animal welfare and ethics within 
cancer research have recently been considered within 
the United Kingdom (UK) and published as a set of 
guidelines [27]. 

4.5. The test compound 

Another critical variable concerns the test agent itself, 
the way it is administered (route, scheduling, dose) and 
how it is formulated. In my view, xenograft studies 
should only be conducted where there is also considerable 
attention paid to these pharmaceutical (formulation) 
and pharmacological (pharmacokinetic/pharmacody- 
namic) principles. Having firmly established that a 
"lead" molecule possesses potent activity against the 
target in cell-free assays and within the appropriate 
tumour cell lines in vitro, it is now important to main- 
tain a "pharmaceutical perspective" and consider at this 
point whether a clinically acceptable formulation of the 
molecule is attainable. Too many mice have been used 
in the past with compounds given as coarse suspensions 
in dimethyl sulphoxide (DMSO) or detergents (e.g. 
Tweens), vehicles which may not be usable in man. 
Considerable advances in the development of bio- 
compatible formulations for poorly water-soluble drugs 
have been developed in recent years (e.g. using beta- 
cyclodextrin-based systems). However, developing a 
vehicle is still largely empirical. For particular targets, 
where chronic administration to patients is the likely 
clinical scenario based on the understanding of the tar- 
get, an early evaluation of oral bioavailability may also 
be appropriate. This may initially be achieved using in 
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vitro cell line systems such as the colon cancer cell line 
CaCo2, or directly in rodents by determining pharma- 
cokinetics following oral versus i.v. administration of 
the same dose. 

Second, from both a scientific and animal ethical 
standpoint, xenograft antitumour studies conducted in 
mice should be limited only to those molecules that 
possess "adequate" pharmacokinetic properties. For 
closely related analogues, cassette dosing of mice is a 
useful tool to rapidly select compounds with optimal 
pharmacokinetic properties. One should also be pre- 
pared to have to compromise on potency against the 
target in favour of selecting an analogue possessing 
superior pharmacokinetic properties. The random 
screening of molecules, especially using i.p. drug 
administration to i.p. implanted tumours, a feature of 
cancer drug screening prevalent in the past, is no longer 
acceptable. Therefore, a pharmacological approach 
should be applied whereby only molecules where plasma 
(or ideally tumour) drug levels known to be required for 
activity against the target in vitro should be tested, and 
evaluated in xenografts known to possess the target. An 
elucidation of the effect of dose (and scheduling) should 
also be conducted thereby providing information on 
therapeutic index and how the "biologically effective 
dose" relates to the maximum tolerated dose (MTD). 
The NCI has recently adopted such an approach with 
emphasis on pharmacokinetics, mechanism of action 
and pharmacodynamics post-testing in the 60 cell-line 
screen and prior to in vivo antitumour xenograft studies 
[28]. 

4.6. Experimental endpoints 

Finally, the choice of endpoint is a critical variable. 
The most commonly used are those involving measure- 
ments of tumour weight (or volume) in untreated or 
agent vehicle (control) animals versus treated groups on 
particular days after the start of treatment (e.g. treated 
[T] versus control [C] values; T/C). A widely used alter- 
native is that using growth delay (GD), the difference in 
time for treated versus control groups to reach a pre- 
selected increase in volume (often 3^-fold) normalised 
to the starting volume. In addition, a consideration of 
the growth-rate of control tumours may be applied by 
determination of specific growth delays (SGD). An 
unfortunately common feature is for assessments to be 
made at relatively early time-points and, in particular, 
before any drug-induced toxicity (body-weight loss, 
lethargy, even deaths) is evident. Regardless, in all 
cases, considerably more information may be provided 
by the provision of full tumour volume versus time 
curves. In particular, this may indicate whether cyto- 
toxic (tumour shrinkage) or cytostatic (a slowing of 
tumour growth, but no shrinkage) effects might be 
expected in the clinic with the test compound (see 
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example below for the farnesyl transferase inhibitor, 
Rl 15777). 

5. The value (and limitations) of the xenograft model 
in contemporary cancer drug discovery 

Today there is far less focus on the development of 
further cytotoxics. In addition, there has been a con- 
siderable move away from the "black-box" approach to 
Phase I clinical trials where many agents of unknown 
mechanisms of action and poorly defined preclinical 
pharmacokinetics were introduced into the clinic. Does 
this necessarily mean that the xenograft model is of no 
further value in contemporary mechanism-directed can- 
cer drug development? I believe that this should be 
considered on a case-by-case (target-by-target) driven 
basis. In careful mechanism-based studies, combined 
with sound pharmacological principles (as described 
above), then, in my view, the xenograft model remains 
of great value, both for assisting in the selection of leads 
for clinical evaluation and for guiding clinical studies 
(e.g. scheduling, combination strategies). 

An example of where xenograft studies have proven 
useful in selecting and potentially guiding the clinical 
use of a compound targeting a novel cancer target, is 
that of G-quadruplex interactive inhibitors of the 
enzyme telomerase [29]. Herein, the first evidence of in 
vivo activity for such an inhibitor was shown for the 
trisubstituted acridine BRAC019, when used in combi- 
nation with paclitaxel in nude mice bearing s.c. A431 
epithelial cancer xenografts [30]. In the area of guiding 
the use of drugs, which a priori are not expected to 
possess significant activity when used alone, but rather 
will need to be used in combination, our studies with the 
vascular-targeting drug, 5,6,-dimethylxanthenone acetic 
acid (DMXAA) have demonstrated the potential clin- 
ical utility of combination studies with paclitaxel [3 1]. 

Certainly, another area where human tumours trans- 
planted in nude or SCID mice remain of considerable 
value is in the determination of pharmacodynamic 
markers of drug efficacy, which may then be applied in 
the clinic. An example is with xenograft studies with the 
farnesyl transferase inhibitor Rl 15777 [32]. "Typical" 
xenograft dose response curves for mice bearing a s.c. 
breast cancer tumour (MCF7) and treated orally with 
Rl 15777 are shown in Fig. 3a. A point of note in con- 
trast to responses traditionally observed to cytotoxics 
(e.g. cisplatin, paclitaxel) (Fig. 3c for paclitaxel against a 
human ovarian carcinoma xenograft) is that the signal 
transduction inhibitor induced a slowing (cytostatic) 
effect on tumour growth rather a cytotoxic, tumour 
shrinkage effect (as for paclitaxel). In addition, as with 
Rl 15777, chronic (daily) rather than intermittent (e.g. 
weekly) dosing was required. As emphasised above, 
knowledge of both the compound mechanism of action 
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Fig. 3. (a) Tumour dose response curves for the farnesyl transferase inhibitor, Rl 15777, against MCF-7 breast cancer xenografts. Dosing was oral, 
twice a day for 10 consecutive days, (b) Increase in prelamin A in R115777-treated xenografts (replotted from Ref. 31). (c) Tumour dose response 
curves for paclitaxel against CHI ovarian cancer xenografts (dosing was i.p. daily for 5 days). 



(molecular target) and pharmacokinetics is essential to 
guide xenograft experiments and to help predict what 
effect the compound being tested might be expected to 
induce. Studies with Rl 15777 and mice bearing MCF-7 
breast cancer xenografts showed that the detection of 
prelamin A may provide a suitable pharmacodynamic 
marker of response [32] (Fig. 3b). 

Another example where xenografts have proven par- 
ticularly useful in the context of pharmacodynamic 
markers is in studies of the heat shock 90 inhibitor, 17- 
allylamino,17-demethoxy geldanamyem (17AAG) [33], 
now in Phase II clinical trials. For example, it was 
shown that the detection of an increase in heat shock 
protein 70 (HSP70) or a decrease in RAF1 in ovarian 
cancer xenografts (Figs. 4a,b) may represent good 
pharmacodynamic markers of response in mice or 
patients receiving 17AAG [34]. In addition, for mole- 
cules like 17AAG that possess the potential to disrupt 
multiple signal transduction pathways, microarray gene 
expression analyses from treated versus untreated 
xenografts may also be useful in elucidating mechanisms 
of action and for identifying potential pharmacody- 
namic markers of response [35]. 

Finally, by contrast, it must be borne in mind that 
there may be instances where the xenograft model is of 
little or no value. Examples include the use of s.c. 
xenografts with anti-metastatic strategies as s.c. xeno- 



grafts rarely metastasise. Herein, orthotopic models 
may be more appropriate [25]. Second, drugs (or anti- 
bodies) that target tumour vasculature or angiogenesis 
need to keep in mind that the vasculature being targeted 
in the xenograft is predominantly of mouse origin. This 
is of particular relevance, with the Antisoma antibody 
muBCl, which targets an epitope found on human (but 
not mouse or rat) oncofoetal EDB fibronectin [36]. A 
modification to the xenograft model (at least for pros- 
tate cancer) where human vascular endothelium persists 
in human prostate cancer within implanted human bone 
fragments [37] may be useful in this context, but is not 
amenable to large-scale screening. Finally, the use of 
athymic mice bearing xenografts may be of limited 
value with naked humanised (or fully human) anti- 
bodies. These, such as the Antisoma humanised anti- 
body huHMFG 1 (which targets the cell surface antigen, 
MUC-1) depend upon recruitment of the host's (i.e. 
mouse) immune response (natural killer cells) to induce 
antibody-dependent ceE-mediated cytotoxicity (ADCC) 
for activity [38]. 



6. Summary 

During the era of cytotoxic cancer drug discovery, 
human tumour xenografts s.c. transplanted in athymic 
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Fig. 4. (a) Tumour growth response curves for the heat shock protein 
90 inhibitor, 17-allylamino,17-demethoxy geldanamycin (17AAG) 
against A2780 ovarian carcinoma xenografts. Dosing was i.p. at 100 
mg/kg per day on days 0-4 and 7-1 1. (b) Immunoblots for HSP70 and 
RAF1 in treated (+) versus untreated (-) A2780 xenografts on days 
4, 1 1, 16 and 20 after the start of treatment. 



mice played a pivotal role in late preclinical agent opti- 
misation and guiding the selection of candidates for 
Phase I clinical trials. A retrospective review conducted 
by the NCI for 39 agents for which Phase II activity 
data were available showed that, where compounds 
were active in at least one-third of xenograft models 
tested, there was a statistically significant correlation 
with activity in at least two tumour types in man [22]. 

Now, in the post-genomic "molecularly-targeted" era, 
the case for using human tumour xenografts within a 
target-driven drug development cascade needs to be 
justified on a case-by-case basis, keeping in mind both 
the values and the limitations of the model. These are 
summarised in Table 2. Limitations include the time 
and expense (relative to the hollow fibre assay and in 
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vitro testing), ethical issues around animal experimenta- 
tion, a general lack of metastatic spread from primary 
s.c. implanted xenografts, and the fact that the stromal 
compartment of xenografts include vascular endothelial 
cells that are largely of murine origin. 

However, where the particular molecular abnormality 
of cancer being targeted is shown to be present in a 
particular human tumour xenograft model (and ideally, 
shown to be important in the proliferation of that 
tumour) then s.c. -implanted xenografts still remain of 
significant value in the cancer drug discovery process. 
This may be in a therapeutic setting, that is, to obtain in 
vivo 'proof of principle' for a particular target and/or to 
assist in the optimisation of pharmaceutically-tractable 
molecules. However, the use of mice in in vivo anti- 
tumour studies should be restricted to molecules pos- 
sessing good pharmaceutical properties where plasma 
levels above those known to be required for in vitro 
anticancer effects are achievable. At present, in my opi- 
nion, it is premature and too much a "leap of faith" to 
jump directly from in vitro activity testing (or even in 
silico methods) to Phase I clinical trials (via preclinical 
regulatory toxicology). Furthermore, valuable informa- 
tion assisting guidance of the clinical development of a 
molecule may be obtained; for example, dose-scheduling 
studies and sequential combination studies with other 
anticancer drugs. Additionally, and often in parallel 
with efficacy determinations, the xenograft model is 
useful in assessing the agent's pharmacokinetics and 
pharmacodynamics in that it provides a renewable and 
readily accessible source of target human tumour cells. 

In summary, the human xenograft model in its var- 
ious guises is here to stay a while longer. Perhaps in 
another 10 years a similar retrospective analysis as 
described above by the NCI for cytotoxic cancer drugs, 
will be applicable to the newer generation "molecularly- 
targeted" drugs. This may then finally settle the debate 
as to the value (or otherwise) of the xenograft model in 
contemporary cancer drug discovery. 



Table 2 

Summary of values and limitations of the xenograft model 

• Validated model for the predictive assessment of cytotoxics— uses human cancer cells with 3-dimensional architecture 

• To select lead candidates for clinical evaluation and to optimise scheduling and combination with other drugs to guide clinical development 
(providing conducted with appropriate consideration to pharmacological principles and pharmacokinetics and pharmacodynamics) 

• In vivo studies of acquired drug resistance and its circumvention 

• Time (weeks) and expense relative to 'short-term' assays such as hollow fibre or in vitro cell line testing (plus animal ethics issue relative to 
in vitro testing) 

. The s.c. xenograft model generally does not metastasise: not a good model for studying anti-metastatic strategies 

• When studying anti-angiogenic or anti-vascular strategies, these components are of murine not human origin 

. When studying humanised/human antibodies (immunotherapy) the effector function (e.g. ADCC) being targeted is mouse 



ADCC, antibody-dependent cell-mediated cytotoxicity. 
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ABSTRACT 

Certain strains of vesicular stomatitis virus (VSV) have been shown to be oncolytic in a wide variety of solid 
tumors. In the present study, we tested the leukemolytic properties of VSV using established leukemia cell 
lines and primary patient material. VSV efficiently killed essentially all leukemic cell lines. In contrast, how- 
ever, normal clonogenic bone marrow progenitor cells and peripheral blood cells were remarkably refractory 
to infection by VSV. By exploiting this large difference in susceptibility to infection we successfully purged 
contaminating leukemic cells from cultures of peripheral blood progenitor cells (PBPC) using VSV. VSV was 
also able to infect and kill leukemic cells in primary samples taken from patients with multiple myeloma 
(MM). This study demonstrates the potential utility of VSV in the treatment, both ex vivo and in vivo, of hema- 
tologic malignancies. 



OVERVIEW SUMMARY 

We have previously proposed the use of vesicular stomati- 
tis virus (VSV) as an oncolytic virus for the treatment of 
malignant disease. We have also recently reported low tox- 
icity and excellent efficacy in mice with solid tumors after 
systemic delivery of interferon-inducing VSV mutants. In 
the present study we have examined the potential utility of 
VSV as a leukemolytic agent. VSV was able to efficiently 
kill 11 of 12 lines in a panel of human leukemia cell lines 
and 3 of 3 primary multiple myeloma patient samples. We 
also demonstrate the resistance of normal hematopoeitic 
cells to infection and killing by VSV. Also, in this study we 
have capitalized on this large difference in susceptibility to 
VSV to purge peripheral blood progenitor cell (PBPC) cul- 
tures of contaminating leukemia cells. Taken together, we 
feel that these strains of VSV are excellent candidates for 
the treatment of leukemia. 



INTRODUCTION 

The interferons are secreted proteins discovered over 30 
years ago on the basis of their antiviral properties (reviewed 



in Pestka et al., 1987). Interferon (IFN) acts to inhibit cellular 
replication and to induce an antiviral state in cells exposed to 
it (reviewed in Stark et al., 1998). Because of its cytostatic prop- 
erties it was hoped that IFN would be a valuable cancer thera- 
peutic. Starting in 1970 a number of clinical trials were held to 
determine the utility of IFN therapy in malignancy. The results 
of most of these trials were disappointing and today only a hand- 
ful of cancers are treated with IFN. These include chronic myel- 
ogenous leukemia, cutaneous T-cell lymphoma, hairy cell leu- 
kemia, melanoma, and renal cell carcinoma (Grander and 
Einhorn, 1998). Most of the more common malignancies — 
breast, prostate, colon, lung, stomach, and uterus — do not re- 
spond to IFN therapy (Grander and Einhorn, 1998). Addition- 
ally, when tumors respond to IFN therapy the response is 
usually transient because IFN-resistant subclones eventually 
arise (Grander and Einhorn, 1998). Thus, it would appear that 
a loss of responsiveness to the cytostatic properties of IFN is a 
common component of tumorigenesis. 

Vesicular stomatitis virus (VSV) is a negative-sense RNA 
virus. This virus has a broad host cell tropism in vitro. In na- 
ture, however, the virus most commonly infects farm animals 
with insect hosts acting as vectors for transmission (Dietzschold 
et al., 1996). Naturally occurring infections of humans are rare 
(Fields and Hawkins, 1967) and are generally benign (reviewed 
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in Lichty et al., 2004). A striking characteristic of VSV is the 
exquisite sensitivity of the virus to IFN. IFN induces an anti- 
viral state in the host cell that severely inhibits the replication 
of VSV (Masters and Samuel, 1983). In fact, VSV is commonly 
used in the laboratory as a biologic assay for the presence of 
an IFN-induced antiviral state (Julkunen et al., 1982; Salonen 
and Salmi, 1982; Marquardt et al, 1992). 

We have previously reported the extreme sensitivity of hu- 
man malignant cells to infection and killing by VSV, even in 
the presence of IFN (Stojdl et al, 2000, 2003). We hypothe- 
size that hematologic malignancies may be an attractive target 
for oncolytic virus therapy because the target cells should be 
easily accessed by the therapeutic virus. Additionally there have 
been many reports of mutations or deletions of members of the 
interferon regulatory factor (IRF) family of transcription fac- 
tors in multiple myeloma (MM) and myeloid leukemia (Boult- 
wood et al, 1993; Willman et al., 1993; Harada et al., 1994; 
Linge et al, 1995; Beretta et al., 1996; Iida et al., 1997; Kondo 
et al., 1997; Haus, 2000; Tzoanopoulos et al., 2002). Con- 
versely, few hematologic malignancies are treated with IFN, 
outside of chronic myelogenous leukemia, but even there the 
response tends to be transient and IFN-resistant disease even- 
tually arises (see above). The possibility that myeloid leuke- 
mias, in particular, have pre-existing or treatment selected, de- 
fects in IFN responsive genes led us to test the susceptibility of 
acute myeloid lymphoma (AML) cell lines to infection and 
killing by VSV. In the current study we further assessed the 
ability of VSV to infect and kill human leukemia cells. We re- 
port here the efficient killing of 11 of 12 leukemic cell lines 
tested. This is in sharp contrast to the remarkable resistance to 
VSV displayed by normal bone marrow progenitors and pe- 
ripheral blood cells. We were able to purge peripheral blood 
progenitor cell (PBPC)/leukemia cell line mixtures of the leu- 
kemic cells, demonstrating that these leukemic cells were 
greater than 1000 times more sensitive to infection and killing 
by VSV than were the PBPC in the coculture. Additionally, we 
extend the sensitivity of leukemia cell lines to patient samples 
and demonstrate that samples from patients with MM are also 
sensitive to infection and killing by VSV. These results were 
obtained with IFN-inducing mutants of VSV that are severely 
attenuated in vivo but retain their ability to infect and kill ma- 
lignant cells because of the defective response to IFN com- 
monly seen in malignant cells (Stojdl et al., 2003; Lichty et al., 
2004). This study demonstrates the utility of VSV in the treat- 
ment, both ex vivo and in vivo, of haematologic malignancies. 



MATERIALS AND METHODS 

Cells and viruses 

Cell lines were grown in Iscove's modified Dulbecco's 
medium (IMDM; Gibco, Burlington, Ontario, Canada) supple- 
mented with 10% fetal bovine serum (FBS) (Gibco). Growth 
factor-dependent lines (OCI/AML1, OCI/AML4, OCI/AML5, 
H191 and M07e) were grown in IMDM supplemented with 
10% FBS and 10% 5637-conditioned media. H191 is an AML 
cell line derived from patient material by H.A. (co-author). 
Viruses were grown in Vero cells grown on microcarrier beads 



in spinner flasks, concentrated on a sodium potassium tartrate 
isopycnic gradient and titered on Vero cells. The three viral 
strains used in this study are described elsewhere in detail 
(Stojdl et al., 2003). Briefly, these viruses consist of the heat- 
resistant (HR) strain of VSV and the IFN-inducing mutants 
AVI and AV2. AVI and AV2 are naturally occurring mutants 
displaying a small plaque phenotype on IFN responsive cells 
and have mutations in the matrix gene (M51R and V221F/ 
S226R mutations in matrix for AVI and AV2, respectively) 
(Francoeur et al., 1987). 

Recombinant VSV 

A recombinant VSV expressing enhanced green fluorescent 
protein (EGFP) was constructed by subcloning the EGFP open 
reading frame (ORF) from pEGFP-Nl (Clontech, Palo Alto, 
CA) into the cloning site introduced between the G and L genes 
of VSV in the genome vector pVS V-XN (Schnell et al., 1996). 
This recombinant genome was rescued using standard tech- 
niques (Schnell et al., 1996) to generate a replication compe- 
tent, GFP-expressing VSV clone. 

Patient samples 

Three patients with MM were included in this study. Diag- 
nosis was based on clinical examination, peripheral blood count, 
and the morphology and immunophenotype of the leukemic 
cells. Normal bone marrow cells were obtained from the allo- 
geneic bone marrow transplant donors. Mononuclear cells were 
collected after centrifugation through a Ficoll gradient. Cryo- 
preserved PBPC samples were obtained by peripheral vein 
leukophoresis from patients after cytokine therapy to mobilize 
stem cells. Peripheral blood cells were obtained from normal 
volunteers and nucleated cells were isolated after red cell lysis. 
Samples were obtained after informed consent of the pa- 
tient/donor under a protocol approved by the Ottawa General 
Hospital Ethics Review Board. 

Purging experiments 

Purging experiments were carried out by spiking cultures of 
normal peripheral blood stem cells with leukemic cells that were 
not cytokine-dependent to a final concentration of 1% leuke- 
mic contamination. After infection with virus cells were plated 
at two serial dilutions per treatment. One dilution series was 
plated in methylcellulose containing 5% FBS while the other 
series was plated in Lite Methylcellulose plus Epo (Gencyte, 
Amherst, NY). Only leukemic progenitors were able to form 
colonies when plated in methylcellulose containing 5% FBS as 
pure PBPC samples failed to form any colonies. The methyl- 
cellulose cultures were examined after 10 days and the number 
of leukemic precursors (colony count in 5% serum) and the 
number of normal precursors (colony count in Gencyte methyl- 
cellulose minus colony count in 5% serum) was determined for 

Infections 

Infections of suspension cells were carried out in small vol- 
umes of media at cell concentrations greater than 1 X 10 6 /ml 
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for 45 minutes at 37°C with occasional mixing and then plated 
into culture dishes in the appropriate media. 

Colony assays 

Bone marrow and PBPC colony assays were performed by 
plating duplicate serial dilutions in Lite Methylcellulose plus 
Epo (Gencyte) in 35-mm dishes followed by incubation at 37°C 
for 10 to 14 days. Colonies were scored as CFU-E (colony form- 
ing units-erythroid) or CFU-GM (colony forming units-granu- 
locyte/macrophage). Cell line colony assays were performed by 
plating duplicate serial dilutions in methylcellulose plus 10% 
FBS. For cytokine-dependent cell lines (see above) 10% 5637- 
conditioned media was included. 

Flow cytometry 

The viability of unfixed cells was assessed by staining with 
propidium iodide followed by flow cytometric analysis. Detec- 
tion of infected cells was determined by enumeration of green 
fluorescing cells after infection with a GFP-expressing VSV. 
Peripheral blood populations were identified after staining with 
anti-CD3 (T cell), anti-CD 19 (B cell), anti-CD 14 (monocytes), 
and anti-CD 13 (neutrophils). Plasma/myeloma cells in the sam- 
ples from patients with MM were identified using anti-CD 138 
(all antibodies from Becton-Dickinson, Franklin Lakes, NJ). 



RESULTS 

VSV killing of clonogenic leukemia precursors 

The leukemolytic properties of VSV were evaluated using a 
panel of leukemia cell lines and four distinct virus strains. Es- 
sentially, cells were infected at a multiplicity of infection (MOI) 
of 1.0 plaque-forming units per cell (pfu/cell) and then grown 



in a methylcellulose suspension to evaluate viability. The four 
different virus strains used were the heat-resistant or HR vari- 
ant of VSV Indiana, a recombinant version of HR harboring 
the GFP gene and the IFN-inducing mutants AVI and AV2 
(Stojdl et al., 2003). In our earlier nude mouse studies, we had 
shown that while the HR strain of Indiana has good oncolytic 
properties, maximum therapeutic benefit was obtained when 
this virus was combined with IFN. On the other hand, the IFN- 
inducing mutants AVI and AV2, effectively kill tumor cells 
lacking an IFN response but are highly attenuated for growth 
in normal tissues even in the absence of exogenously added IFN 
(Stojdl et al., 2003). 

As can be seen in Table 1, most of the 12 cell lines tested 
in this way were sensitive to VSV with a reduction of as much 
as 5 logs in colony forming ability compared to mock-infected 
cultures. VSV-mediated oncolysis extended to a wide variety 
of leukemia types, although cell lines of lymphoid origin were 
generally more resistant to the virus, especially to the IFN-in- 
ducing mutants AVI and AV2. Both the HR strain and its de- 
rivative engineered to express GFP, were equally potent at 
killing leukemia cells indicating that the addition of an extra 
gene to the virus did not markedly compromise its oncolytic 
activity. 

Flow cytometric analysis of infected leukemia 
cell lines 

While the colony-forming assay is a robust means of evalu- 
ating virus-mediated cell killing, it is limited. We sought a sec- 
ond method to evaluate VSV infection and killing of malignant 
hematopoetic cells. To this end we used flow cytometry fol- 
lowing propidium iodide (PI) staining of unfixed cells to de- 
termine viability after infection (Table 2). This method allowed 
us to analyze cell lines that failed to form countable colonies 
in methylcellulose such as NCI/H929 and OCI/AML4. As ex- 



Table 1. Killing of Leukemic Cell Lines by Vesicular Stomatitis Virus as Assessed by Colony Counts 



Average colony count per 10 5 /cells plated 



Cell line 


Mock 


HR 


AVI 


AV2 


GFP 


LY-8 (B-cell lymphoma) 


44927 ± 11930 


3079 ± 2378 


5560 ± 2436 


3693 ± 1101 


120 ± 35 


LY-18 (B-cell lymphoma) 


5254 ± 1740 


3 ± 3 


44 ± 20 


311 ± 499 




SR (large cell lymphoma) 


18738 ± 6375 


0 ± 0 


1 ± 1 


0 ± 0 


0 ± 0 


MOLT-4 (acute lymphoblastic) 


56977 ± 31602 


104 ± 72 


513 ± 71 


899 ± 608 


358 ± 34 


Jurkat (acute lymphoblastic) 


68444 ± 10584 


0 ± 0 


0 ± 0 


0 ± 0 


0 ± 0 


OCI/MylO (myeloma) 


35827 ± 11724 


1 ± 2 


58 ± 61 


10 ± 8 


0 ± 0 


K562 (chronic myeloid) 


44913 ± 17646 


0 ± 0 


3 ± 3 




0 ± 0 


M07e (megakaryoblastic) 


16131 ± 5092 




43 ± 6 


3 ± 3 




OCI/AML1 (acute myeloid) 


32692 ± 24561 


1 ± 1 


1 ± 1 


4 ± 3 


0 ± 0 


OCI/AML3 (acute myeloid) 


13600 ± 6699 


0 ± 0 


0 ± 0 


0 ± 0 


0 ± 0 


OCI/AML5 (acute myeloid) 


66520 ± 7429 


0 ± 0 


0 ± 0 


0 ± 0 


0 ± 0 


H191 (acute myeloid) 


36631 ± 12552 


0 ± 0 


3 ± 2 


14 ± 5 


0 ± 0 


Leukemic cells were infected with the indicated straii 


n (HR. heat-resistai 


it; GFP, recombinant GFP-expressing attenuated virus 



[AVI] and attenuated virus [AV2]) of VSV at an MOI of 1.0. Serial dilutions (10 2 , 5 X 10 2 , and 10 3 for uninfected cultures and 
10 3 , 10 4 , and 10 5 for infected cultures) were plated in methylcellulose at 72 hr postinfection and counted —10 days later. Mock, 
HR, and AV3 counts represent four independent experiments each plated in triplicate; AVI counts derive from three indepen- 
dent experiments each done in triplicate and the GFP counts are from one experiment done in duplicate. 
VSV, vesicular stomatitis virus; MOI, multiplicity of infection. 



Table 2. Flow Cytometric Analysis of Human Leukemia Cell Lines Infected with Vesicular Stomatitis Virus 



A: Lymphoid leukemia cell lines 
LY-8 (B-cell lymphoma) 





VSV (-) 


HR 


AV2 


GFP 


GFP + 


24 hr 


11.8 


ND 


12.8 


55.9 


49.9 


48 hr 


7.1 


ND 


58.4 


66.1 


47.5 


LY-18 (B-cell lymphoma) 














VSV (-) 


HR 


AV2 


GFP 


GFP + 


24 hr 


6.5 


ND 


15.2 


60.6 


55.1 


48 hr 


3.0 


ND 


53.7 


85.1 


44.7 


SR (large cell lymphoma) 














VSV (-) 


HR 


AV2 


GFP 


GFP + 


24 hr 


21.3 


63.5 


51.7 


27.3 


34.0 


48 hr 


25.1 


90.2 


92.1 


84.5 


7.1 


MOLT-4 (T-cell acute lymphoid leukemia) 














VSV (-) 


HR 


AV2 


GFP 


GFP + 


24 hr 


9.4 


32.2 


21.0 


20.8 


66.4 


48 hr 


6.7 


75.9 


65.5 


59.8 


59.5 


Jurkat (T-cell acute lymphoid leukemia) 














VSV (-) 


HR 


AV2 


GFP 


GFP + 


24 hr 


6.7 


26.5 


53.4 


38.5 


90.1 


48 hr 


11.48 


84.8 


98.1 


93.2 


94.8 


OCI/MylO (myeloma) 














VSV (-) 


HR 


AV2 


GFP 


GFP + 


24 hr 


20.2 


ND 


77.3 


88.6 


10.7 


48 hr 


17.9 


ND 


87.7 


89.3 


3.6 


NCI-H929 (myeloma) 














VSV (-) 


HR 


AV2 


GFP 


GFP + 


24 hr 


5.1 


ND 


8.4 


97.4 


1.5 


48 hr 


5.4 


ND 


98.9 


99.1 


0.0 


B: Myeloid leukemic cell lines 


OCI/AML1 (acute myeloid leukemia) 














VSV (-) 


HR 


AV2 


GFP 


GFP + 


48 hr 


7.6 


63.6 


73.8 


45.8 


87.6 


72 hr 


3.1 


94.0 


85.6 


95.4 


60.1 


OCI/AML3 (acute myeloid leukemia) 














VSV (-) 


HR 


AV2 


GFP 


GFP + 


24 hr 


1.8 


56.4 


65.7 


65.2 


76.6 


48 hr 


2.1 


98.9 


98.5 


97.3 


25.3 


OCI/AML4 (acute myeloid leukemia) 














VSV (-) 


HR 


AV2 


GFP 


GFP + 


24 hr 


15.0 


17.3 


15.6 


15.4 


0.7 


48 hr 


15.5 


33.4 


16.3 


20.5 


14.4 


OCI/AML5 (acute myeloid leukemia) 














VSV (-) 


HR 


AV2 


GFP 


GFP + 


24 hr 


5.1 


57.1 


60.6 


57.4 


93.6 


48 hr 


11.7 


98.4 


96.1 


98.1 


96.7 


H191 (acute myeloid leukemia) 














VSV (-) 


HR 


AV2 


GFP 


GFP + 


24 hr 


7.6 


27.0 


41.9 


32.3 


87.0 


K562 (chronic myeloid leukemia) 














VSV (-) 


HR 


AV2 


GFP 


GFP + 


24 hr 


13.5 


22.6 


57.8 


21.7 


66.7 


48 hr 


ND 


60.0 


78.6 


51.6 


78.3 


M07e (megakaryoblastic leukemia) 














VSV (-) 


HR 


AV2 


GFP 


GFP + 


24 hr 


27.2 


44.3 


46.4 


60.2 


89.9 


48 hr 


26.0 


94.1 


93.1 


94.1 


94.1 


72 hr 


39.0 


95.1 


93.0 


96.4 


94.7 


Cell lines were infected at an MOI of 1.0, with the indicated str 


ain of VSV, for va 


rious periods of 


' time. Unfixed cells were 



stained with propidium iodide and assessed by flow cytometry. Numbers shown are percent dead or percent GFP-positive where 
noted. Percentages are based on 10,000 cells counted per treatment. 

MOI, multiplicity of infection; VSV, vesicular stomatitis virus; GFP, green fluorescent protein; HR, heat-resistant; AV2, at- 
tenuated virus 2. 
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pected, there was good agreement between methylcellulose 
colony assay and the flow cytometric analysis, although in gen- 
eral, flow cytometry tended to underestimate the killing ability 
of the virus. In experiments using our recombinant VSV-GFP 
virus, it was possible to monitor the progression of the viral in- 
fection. Shortly after infection, leukemic cells began to express 
GFP but as the infection progressed and cells began to die (as 
measured by PI uptake) GFP expression was lost from some of 
the cell lines. For instance, OCI/AML3 and SR were efficiently 
killed and had lost GFP expression by 48 hr postinfection while 
K562 and Mo7e were also killed efficiently but they retained 
GFP fluorescence. The reason for this variability is not clear 
but perhaps reflects differences in the death pathway for these 
different cell types. All three strains of the virus displayed ef- 
ficient infection and killing of most cell lines although the IFN- 



inducing mutant AV2 displayed slower growth kinetics than the 
wild-type strains. Overall the combination of colony assay and 
flow cytometry provides convincing evidence for the killing of 
lymphoma, acute lymphoblastic, acute myeloid and chronic 
myeloid leukemia cell lines. 

Normal bone marrow progenitors are refractory to 
VSV infection 

In contrast to the exquisite sensitivity of leukemic cell lines 
to VSV infection, normal clonogenic bone marrow progenitors 
are largely unaffected by the virus. As an example, in the ex- 
periments shown in Figure 1A. bone marrow from normal 
donors was infected with the HR-GFP strain of Indiana virus 
at an MOI of 5 pfu/cell and the infection allowed to proceed 



□ Mock 
H VSV-GFP 



i'iiliJ 



24 hr 72 hr 




u g 2 300- 



iiii 

Mock VSV-AV1 VSV-AV2 HR 



Z g 
I| 8 



Treatment 



■ III 

Mock VSV-AV1 VSV-AV2 VSV-HR 

Treatment 



FIG. 1. Normal bone marrow progenitors are resistant to vesicular stomatitis virus (VSV). A: A normal bone marrow was in- 
fected at a multiplicity of infection (MOI) of 5.0 with VSV-green fluorescent protein (GFP) and at the indicated time points sam- 
ples were serially diluted and plated in methylcellulose in duplicate. B: A second normal bone marrow sample was infected with 
each of the indicated viruses at an MOI of 10.0 and at 24 hr postinfection samples were serially diluted in triplicate and plated 
in methylcellulose. C: A third normal bone marrow sample was infected with each of the indicated viruses at an MOI of 1.0 and 
at 1 hr postinfection samples were serially diluted and plated in methylcellulose in duplicate. D: A fourth normal bone marrow 
sample was infected with each of the indicated viruses at an MOI of 1.0 and at 1 hr postinfection samples were serially diluted 
in triplicate and plated in methylcellulose. In each case colonies were counted after 14 days. Number of colonies shown is per 
5 X 10 4 cells plated. CFU-E, colony forming units-erythroid; CFU-GM, colony forming units-granulocyte/macrophage. 
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FIG. 2. Infection of normal peripheral blood cells with vesicular stomatitis virus (VSV). White blood cells were isolated from 
the peripheral blood of a normal volunteer and infected with VSV-green fluorescent protein (GFP) at a multiplicity of infection 
(MOI) of 10 plaque-forming units (PFU) per cell. A: Percentage of cells in each population expressing GFP at 8 and 24 hours 
post-infection. B: Viability of each subset after infection normalized to uninfected population. 
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for some 72 hr. At this time, the culture was plated in methyl- 
cellulose and the number of colony forming cells (CFCs) de- 
termined 14 days later. It is clear from Figure 1 that normal 
progenitors are unaffected by VSV infection. In a second se- 
ries of experiments (Fig. IB), using the IFN-inducing virus 
strains (AVI and AV2) and the parental HR strain there was 
no significant difference in the plating efficiency of normal 
progenitors following VSV infection. Similar results were 
obtained for two additional bone marrow samples (Fig. 1C 
and ID). 

Normal lymphocytes and neutrophils are resistant to 
infection by VSV 

To determine the degree to which normal peripheral blood 
cells could be infected with VSV white blood cells from five 
normal volunteers were infected with a recombinant VSV ex- 
pressing GFP at an MOI of 10 and flow cytometry was used to 
determine which cell populations, if any, became infected in 
vitro. Data for a representative sample is shown in Figure 2. 
These analyses demonstrated that lymphocytes were very re- 
sistant to infection even at this high MOI. There was some in- 
fection of neutrophils by 24 hr (range, 4.1% to 7.9%) and mono- 
cytes were somewhat susceptible showing infection at both time 
points (range at 8 hr, 3.4% to 17.2% and range at 24 hr, 13.3% 



to 35.1%). It should be noted however that CFU-GM are re- 
sistant, therefore this susceptibility appears to be confined to 
mature, peripheral monocytes. 

Purging of leukemia cells from mixed cultures 
with VSV~ 

In the clinical setting, peripheral blood stem cells (PBSC) 
are used as a source of hematopoietic stem cells to perform au- 
totransplants for patients with leukemia and contaminating leu- 
kemic cells are likely problematic (Deisseroth et al., 1994; Rill 
et al., 1994; Heslop et al, 1996). The extreme sensitivity of 
leukemic cells to VSV infection coupled with the remarkable 
resistance to the virus displayed by bone marrow progenitors 
led us to test the ability of the virus to purge PBPC cultures of 
contaminating leukemic cells. To this end, leukemia cell lines 
were mixed with PBPC and infected with VSV. Infected cul- 
tures were serially diluted and plated in methylcellulose con- 
taining growth factors to support normal CFCs or methylcellu- 
lose containing 5% FBS to exclusively support growth of 
leukemic colonies (Table 3). PBPC progenitors were also re- 
sistant to killing by the attenuated AV2 strain of VSV but were 
affected by infection with the HR strain. When cultures con- 
taining leukemic cells were infected with the HR and AV2 
strains there was a complete ablation of leukemic cells and a 



Table 3. Leukemia Cells Are More Than 1000 Times More Sensitive to 
Vesicular Stomatitis Virus Than Are Peripheral Progenitor Cells 

Colonies per 10 s cells plated 

PBPC CFU-E CFU-GM 



Mock 282 ± 34 193 ± 48 

VSV-HR 113 ±21 79 ±31 

AV2 203 ± 28 165 ± 45 



PBPC plus 1% MOLT-4 

CFU-E CFU-GM Leukemic 



Mock ND ND 1140 ± 48 

VSV-HR 98 ± 20 58 ± 26 0 

AV2 168 ± 26 143 ±41 0 



PBPC plus 1% OCI/AML3 

CFU-E CFU-GM Leukemic 



Mock ND ND 1243 ± 50 

VSV-HR 49 ± 14 40 ± 22 0 

AV2 123 ± 22 112 ±37 0 



Peripheral blood from a patient treated with cytokines to mobilize stem cells was infected 
with VSV-HR and VSV-AV2. In addition cultures were spiked with 1% leukemia cells and 
infections were carried out in parallel. Cultures were infected at an MOI of 1.0 and 24 hours 
post-infection samples were plated in methylcellulose + 5% FBS (to enumerate leukemic 
colonies) or in Lite Methylcellulose plus Epo (Gencyte, Amherst, NY, to enumerate leuke- 
mic plus normal colonies, the number of normal colonies indicated represents the difference 
between Gencyte and 5% FBS). When mock infected the leukemia-contaminated cultures 
produced copious colonies in the presence of cytokines making the number of normal colonies 
present difficult to accurately enumerate. 

VSV, vesicular stomatitis virus; HR, heat-resistant; AV2, attenuated virus 2; MOI, multi- 
plicities of infection; FBS, fetal bovine serum. 
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variable but relatively small reduction in progenitor numbers. 
There was a reduction in PBPC progenitors of less than 50% 
when the cocultures were infected with AV2 but a greater than 
1000-fold reduction in leukemia progenitors. The apparently 
greater impact of the virus on normal progenitors in the con- 
text of these mixed cultures may have been the result of repli- 
cation of the virus in the leukemic cells or an indirect effect of 
the leukemic cells dying in these cultures. These experiments 
clearly demonstrate that VSV is able to specifically kill leuke- 
mic cells in mixed cultures with relatively minimal impact on 
normal progenitor stem cells. 

VSV kills myeloma cells from primary patient samples 

In order to test the ability of VSV to infect and kill primary 
malignant cells we obtained peripheral blood samples from 
three patients with MM. We chose patients with MM because 
we had access to several samples, we had seen good killing of 
myeloma cell lines, and the expression of CD138 by myeloma 
cells made the malignant cell population easily identified by 
flow cytometry. Samples from these patients were infected with 
wild-type or IFN-inducing mutant VSV strains and the cultures 
were watched for 8 days postinfection. Figure 3 demonstrates 
the reduction in viable CD138 + cells after infection with any 
of these three VSV strains. While each patient had a high num- 
ber of CD138 + cells in their peripheral blood infection with 
VSV was able to completely ablate these cells in one patient 
sample and significantly reduce the number of CD138 + cells 
in the other two patient samples following a single dose of VSV. 



Taken together these analyses indicate that VSV may be a u 
ful therapeutic in multiple myeloma. 



DISCUSSION 

In earlier studies, we reported the increased sensitivity of 
malignant cells to infection and killing by VSV. This virus is 
extremely sensitive to the innate IFN mediated antiviral re- 
sponse, which appears to be commonly dysregulated in can- 
cerous cells. Here, we have extended this analysis to a range of 
leukemic cell lines and to primary leukemia patient samples. 
We demonstrate that most leukemic cell lines tested are highly 
susceptible to infection and killing by VSV, including IFN-in- 
ducing mutants that are attenuated in vivo (Stojdl et al., 2003). 
In these and other experiments we have been struck by the ex- 
treme resistance of normal bone marrow progenitors to VSV 
infection. While in our hands, VSV is able to productively in- 
fect most cell types, it is clear that bone marrow stem cells and 
normal peripheral blood lymphocytes have active antiviral pro- 
grams that rapidly blunt virus infections. Indeed in other stud- 
ies, we have found that bone marrow stem cells resist infection 
by laboratory strains of reovirus, Newcastle disease virus, 
measles virus, and mumps virus (data not shown). The suscep- 
tibility to infection displayed by normal monocytes is not sur- 
prising as these cells have been demonstrated to be susceptible 
to viral infection by others (Jahn et al., 1999) and may be im- 
portant in antigen presentation by these cells. The fact that the 
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FIG. 3. In vitro infection and killing of samples from patients with primary multiple myeloma. Peripheral blood samples from 
3 patients with multiple myeloma were infected in vitro with the indicated strains of vesicular stomatitis virus (VSV) at a mul- 
tiplicity of infection (MOI) of 10 plaque-forming units (PFU) per cell. Samples were collected 3 and 8 days postinfection and 
analyzed by flow cytometry after staining for CD138. 10,000 events were recorded per sample per time point; percentages of vi- 
able cells that were CD138 positive are indicated. 
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progenitors for this mature cell population, namely normal CFU- 
GM, are resistant to VSV suggests that this cell population will 
be replaced by the patient's bone marrow after treatment. 

The results presented here suggest that a common feature of 
leukemic cells appears to be the loss of at least portions of an 
innate antiviral response. In support of this idea, are a number 
of reports of defects, deletions and mutations to genes involved 
in the IFN response in myeloproliferative disease. For instance, 
IRF-1 is known to have the properties of a tumor suppressor 
gene in that while it plays a pivotal role in the normal IFN re- 
sponse to virus infection, (reviewed in Tanaka and Taniguchi, 
2000) it is located at 5q31, a region frequently deleted in 
myeloid leukemias (Van den Berghe et al, 1985; Boultwood 
et al, 1993; Willman et al, 1993). Similarly, mutations to the 
PKR gene (Beretta et al, 1996; Abraham et al., 1998) have 
been reported in hematologic malignancies. As well, dysregu- 
lation of MUM1/IRF4 has also been reported in hematologic 
malignancy, particularly in MM (Iida et al., 1997; Yoshida et 
al, 1999; Chesi et al, 2000; Tsuboi et al, 2000; Yamada et 
al., 2001). Consistent with these observed aberrations in the 
IFN signaling pathway is the fact that only a handful of hema- 
tologic malignancies respond to IFN therapy (Grander and Ein- 
horn, 1998) and that these frequently evolve to nonresponsive 

The samples from patients with MM examined in this study 
displayed slower kinetics of killing after viral infection than the 
established cell lines examined although the degree of killing 
of primary leukemia cells is comparable to that reported for on- 
colytic adenovirus (Medina et al., 1999) and reovirus (Alain et 
al, 2002; Thirukkumaran et al, 2003). As well, it should be 
noted that the degree of killing appears to be underestimated 
when assayed by flow cytometry at a given time point. We are 
currently acquiring additional patient samples in order to de- 
termine whether MM samples are generally sensitive to VSV 
and to determine whether other leukemias, particularly AMLs, 
are also susceptible. Importantly, the enormous difference in 
susceptibility to VSV displayed by normal progenitors and leu- 
kemic cells suggests that the virus can be used to selectively 
kill leukemic cells in a mixed population. Our purging experi- 
ments support this notion. We are continuing these studies in 
order to determine whether there are particular classes of 
myeloid leukemia wherein VSV therapy might be particularly 
effective. We are also interested in the susceptibility of MM 
cells to infection and killing by VSV (and other oncolytic 
viruses), which is in sharp contrast to the complete resistance 
to infection displayed by most other lymphoid cells. Indeed this 
study may indicate that there is a defect in antiviral pathways 
in MM cells that render them particularly sensitive to infection 
and killing by VSV. 

There have been concerns voiced by some regarding the use 
of replicating viral vectors in the clinical setting. We have 
shown that the IFN-inducing mutants used in this study are sig- 
nificantly attenuated in vivo and that they induce a cytokine 
cloud in the host animal effectively protecting the recipient from 
any wild-type revertants present in the innoculum (Stojdl et al, 
2003). Several groups are now proposing to use VSV as a ther- 
apeutic virus and preclinical testing combined with a large body 
of historical data regarding natural infections of humans with 
this virus indicate that even the wild-type strains of this virus 



generally produce benign infections in naive humans (reviewed 
in Lichty et al, 2004). 

The field of oncolytic virus therapy is expanding rapidly 
(Bell et al, 2002) but in most cases these therapies are directed 
against solid tumors. However, efficient killing of leukemia 
and lymphoma cells has now been demonstrated for measles 
(Grote et al, 2001; Peng et al, 2001), adenovirus (Medina et 
al, 1999; Strair et al, 2002), reovirus (Alain et al, 2002; 
Thirukkumaran et al, 2003) and VSV (Stojdl et al, 2000; 
Dummer et al, 2001). In particular the degree of killing re- 
ported here for MM patient samples compares favourably with 
that seen for oncolytic measles and reovirus (Peng et al, 2001, 
2003; Thirukkumaran et al, 2003). VSV is able to infect vir- 
tually all cell types but its replication is blocked in cells that 
have an intact innate antiviral system, especially if these cells 
have been exposed to IFN. Taken as a whole these observa- 
tions and the results reported in this study point to the utility 
of VSV as a leukemolytic agent for the in vivo and ex vivo 
treatment of hematologic malignancy. 
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Interferon induction by viruses. III. Vesicular stomatitis virus: 
interferon-inducing particle activity requires partial 
transcription of gene N. 

Marcus PI . Sekellick MJ . 

We have measured the interferon-inducing particle (i.f.p.) activity of a ts 
mutant, Gil (I), of vesicular stomatitis virus (VSV) and a non-ts revertant, 
PJ (T1026) in "aged" chick embryo cells and mouse (L(Y) cells at 40.5 and 
37.5 degrees C, respectively. Our results suggest that a single i.f.p. suffices 
to induce a quantum yield of interferon and that there are several times more 
i.f.p. than plaque-forming particles (p.f.p.) in stock preparations of VSV. 
Furthermore, while virus replication or amplified RNA synthesis is not 
required for a particle of VSV to induce interferon, there is a requirement 
for primary transcription. About one-tenth of the genome must remain intact 
and be transcribed to synthesize an interferon-inducer moiety. (This 
represents transcription of about two-thirds of the N protein gene.) We 
conclude that VSV does not contain a pre-formed inducer of interferon and 
propose a model for its formation. . We suggest that there is a cumulative loss 
of N (and/or NS and L) protein from the ribonucleoprotein complex during 
primary transcription, leading ultimately to extensive base-pairing between 
the genome RNA and its complementary transcript. We suggest that the 
dsRNA thus formed constitutes the interferon inducer moiety of VSV. 
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ABSTRACT 



Methods and compositions for treating neoplastic conditions 
by viral-based therapy are provided. Mutant virus lacking 
viral proteins which bind and/or inactivate p53 or RB are 
administered to a patient having a neoplasm which com- 
prises cells lacking p53 and/or RB function. The mutant 
virus is able to substantially produce a replication phenotype 
in neoplastic cells but is substantially unable to produce a 
replication phenotype in non-replicating, non-neoplastic 
cells having essentially normal p53 and/or RB function. The 
preferential generation of replication phenotype in neoplas- 
tic cells results in a preferential killin g of the neoplastic 
cells, either directly or by expression of a cytotoxic gene in 
cells expressing a viral replication phenotype. 

29 Claims, 9 Drawing Sheets 
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CYTOPATHIC VIRUSES FOR THERAPY AND 
PROPHYLAXIS OF NEOPLASIA 

This application is a continuation of U.S. Ser. No. 
08/198,184, filed Feb. 16, 1994, now abandoned, which is a 
continuation-in-part of U.S. Ser. No. 08/017,525, filed Feb. 
16, 1993 now abandoned. 

The invention provides compositions of recombinant 
cytopathic viruses which are capable of replication and/or 
expression of late region genes in neoplastic mammalian 
cells but are essentially non-replicable in non-neoplastic 
cells, methods for constructing and propagating such recom- 
binant viruses, methods for treating neoplastic disease with 
such recombinant viruses, and therapeutic compositions 
comprising such recombinant viruses. 

BACKGROUND 

The proliferation of normal cells is thought to be regu- 
lated by growth-promoting proto-oncogenes counterbal- 
anced by growth-constraining tumor-suppressor genes. 
Mutations that potentiate the activities of proto-oncogenes 
create the oncogenes that force the growth of neoplastic 
cells. Conversely, genetic lesions that inactivate tumor sup- 
pressor genes, generally through mutation(s) that lead to a 
cell being homozygous for the inactivated tumor suppressor 
allele, can liberate the cell from the normal replicative 
constraints imposed by these genes. Usually, an inactivated 
tumor suppressor gene (e.g., p53, RB, DCC, NF-1) in 
combination with the formation of an activated oncogene 
(i.e., a proto-oncogene containing an activating structural or 
regulatory mutation) can yield a neoplastic cell capable of 
essentially unconstrained growth (i.e., a transformed cell). 

Oncogenic transformation of cells leads to a number of 
changes in cellular metabolism, physiology, and morphol- 
ogy. One characteristic alteration of oncogenically trans- 
formed cells is a loss of responsiveness to constraints on cell 
proliferation and differentiation normally imposed by the 
appropriate expression of cell- growth regulatory genes. 

While different types of genetic alterations may all lead to 
altered expression or function of cell-growth regulatory 
genes and to abnormal growth, it is generally believed that 
more than one event is required to lead to neoplastic 
transformation of a normal cell to a malignant one (Land et 
al. (1983) Nature 304: 596; Weinberg, R. A. (1989) Cancer 
Res. 49: 3713). The precise molecular pathways and sec- 
ondary changes leading to malignant transformation for 
most cell types are not clear. A number of cases have been 
reported in which altered expression or activity of some 
proteins with putative cell-cycle control functions and/or 
implicated in the formation of functional transcriptional 
complexes, such as p53 and RB, can lead to loss of prolif- 
eration control in cells (Ullrich et al. (1992) J. Biol Chem. 
267: 15259; Hollstein et al. (1991) Science 253: 49; Sager, 
R. (1992) Curr. Opin. Cell. Biol. 4: 155; Levine et al. (1991) 
Nature 351: 453). 

Some oncogenes have been found to possess character- 
istic activating mutations in a significant fraction of certain 
cancers. For example, particular mutations in the ras ff and 
ras^ coding regions (e.g., codon 12, codon 61; Parada et al. 
(1984) Nature 312: 649) and the APC gene (Powell et al. 
(1992) Nature 359: 235) are associated with oncogenic 
transformation of cultured cells and are present in a striking 
percentage of specific human cancers (e.g., colon 
adenocarcinoma, bladder carcinoma, lung carcinoma and 
adenocarcinoma, hepatocarcinoma). These findings have led 
to the development of diagnostic and therapeutic reagents 



(e.g., polynucleotide probes and antibodies) that specifically 
recognize the activated form(s) of such oncogenes (U.S. Pat 
No. 4,798,787 and U.S. Pat. No. 4,762,706). 
The excessive or inappropriate expression of other 
5 oncogenes, such as myc, erbB-2, and pim-1, appears to be 
able to potentiate oncogenic transformation without neces- 
sarily requiring the presence of activating mutation(s) in the 
coding region. Overexpression of erbB-2 is frequently found 
in adenocarcinoma of the breast, stomach, and ovary, and 

10 erbB-2 levels in these cell types might serve as a diagnostic 
marker for neoplasia and/or may correlate with a specific 
tumor phenotype (e.g., resistance to specific drugs, growth 
rate, differentiation state). 

Transgenic animals harboring various oncogenes (U.S. 

15 Pat. No. 4,736,866 and U.S. Pat. No. 5,087,571) or func- 
tionally disrupted tumor suppressor genes (Donehower et al. 
(1992) Nature 356: 215) have been described for use in 
carcinogen screening assays, among other potential uses. 

2Q Despite this progres s in developing a more defined model 
of the molecular mechanisms underlying the transformed 
phenotype and neoplasia, few significant therapeutic meth- 
ods applicable to treating cancer beyond conventional che- 
motherapy have resulted. Many conventional chemothera- 

25 peutic agents have a low therapeutic index, with therapeutic 
dosage levels being at or near dosage levels which produce 
toxicity. Toxic side effects of most conventional chemo- 
therapeutic agents are unpleasant and lead to life-threatening 
bone marrow suppression, among other side effects. 

30 Recent approaches for performing gene therapy to correct 
or supplement defective alleles which cause congenital 
diseases, such as cystic fibrosis, have been attempted with 
reports of limited initial success. Some gene therapy 
approaches involve transducing a polynucleotide sequence 

35 capable of expressing a functional copy of a defective allele 
into a cell in vivo using replication-deficient recombinant 
adenovirus (Rosenfeld et al. (1992) Cell 68: 143). Some of 
these gene therapy methods are efficient at transducing 
polynucleotides into isolated cells explanted from a patient, 

40 but have not been shown to be highly efficient in vivo. 
Therapeutic approaches to cancer which rely on transfection 
of explanted tumor cells with polynucleotides encoding 
tumor necrosis factor (TNF) and interleukin-2 (IL-2) have 
been described (Pardoll, D. (1992) Curr. Opin. Oncol. 4: 

45 H24). 

Although it might someday prove possible for gene 
therapy methods to be adapted to correct defective alleles of 
oncogenes or tumor suppressor genes in transformed cells in 
vivo, present gene therapy methods have not been reported 
50 to be able to efficiently transduce and correctly target (e.g., 
by homologous recombination) a sufficient percentage of 
neoplastic cells for practical gene therapy of neoplasia in 
situ. The nature of cancer biology mandates that a substan- 
tial fraction of the neoplastic cells, preferably all of the 
55 clonal progeny of the transformed cell, are ablated for an 
effective therapeutic effect. Moreover, present methods for 
gene therapy are very expensive, requiring ex vivo culturing 
of explanted cells prior to reintroduction into a patient. 
Widespread application of such methods, even if they were 
6o effective, would be prohibitively expensive. 

Thus there exists a need in the art for methods and 
compositions for diagnosis and therapy of neoplastic 
diseases, especially for methods which selectively ablate 
neoplastic cells without the undesirable killing of non- 
65 neoplastic cells that is typical of conventional antineoplastic 
chemotherapy. The present invention fulfills these and other 
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The references discussed herein are provided solely for 
their disclosure prior to the filing date of the present appli- 
cation. Nothing herein is to be construed as an admission 
that the inventors are not entitled to antedate such disclosure 
by virtue of prior invention. : 
SUMMARY OF THE INVENTION 



The present invention provides several novel methods and 
compositions for ablating neoplastic cells by infecting the 
neoplastic cells with a recombinant adenovirus which is jo 
substantially replication deficient in non-neoplastic cells and 
which exhibits at least a partial replication phenotype in 
neoplastic cells. The difference in replication phenotype of 
the adenovirus constructs of the invention in neoplastic and 
non-neoplastic cells provides a biological basis for viral- 15 
based therapy of cancer. Expression of adenoviral cytopathic 
effects, and optionally expression of a negative-selectable 
drug gene (e.g., HSV tk), are correlated with the adenoviral 
replication phenotype characteristic of neoplastic cells 
infected with the recombinant adenovirus constructs of the 2 o 
invention, thus discriminating between neoplastic and non- 
neoplastic cells and providing selective cytotoxicity of neo- 
plastic cells. Although the methods are described in detail 
specifically for adenoviral constructs, the methods are 
believed to be applicable to essentially any virus type 25 
wherein efficient replication requires binding and/or seques- 
tration and/or inactivation of a host cell protein that is 
present in non-neoplastic cells but is substantially absent or 
nonfunctional in neoplastic cells (e.g., p53, RB). 

Li order for adenovirus to replicate efficiently in cells, the 30 
adenoviral Elb gene product, p55, forms a complex with the 
host cell p53 protein, thereby sequestering and/or inactivat- 
ing p53 and producing a cell that is deficient in p53 function. 
Such a cell made deficient in p53 function can support 
replication of the adenovirus. In this way, wild-type aden- 35 
ovirus is able to replicate in cells containing p53, as the 
adenovirus p55 proteins inactivates and/or sequesters the 
host cell p53 protein. In one embodiment of the invention, 
a recombinant adenovirus comprising an Elb locus encod- 
ing a mutant p55 protein that is substantially incapable of 40 
forming a functional complex with p53 protein in infected 
cells is administered to an individual or cell population 
comprising a neoplastic cell capable of being infected by the 
recombinant adenovirus. The substantial incapacity of the 
recombinant adenovirus to effectively sequester p53 protein 45 
in infected non-neoplastic cells results in the introduced 
recombinant adenoviral polynucleotide(s) failing to express 
a replication phenotype in non-neoplastic cells. By contrast, 
neoplastic cells which lack a functional p53 protein support 
expression of a replication phenotype by the introduced 50 
recombinant adenovirus which leads to ablation of the 
neoplastic cell by an adenoviral cytopathic effect and/or 
expression of a negative selection gene linked to the repli- 
cation phenotype. In preferred variations of these 
embodiments, the recombinant adenovirus comprises an 55 
Elb locus encoding a mutant p55 which is substantially 
incapable of binding p53 and may optionally also lack a 
functional pl9 protein (i.e., incapable of inhibiting expres- 
sion of adenoviral early region genes in the presence of Ela 
polypeptides). Recombinant adenoviruses of the invention 60 
may further comprise a mutant pl9 gene which produces 
enhanced cytopathic effects; such a mutant known in the art 
is the pl9 cyt mutant gene. However, it may be preferable to 
retain functional pl9 in some mutants to maintain the 
integrity of viral DNA during the infection. 65 

In an alternative embodiment of the invention, a recom- 
binant adenovirus comprising an Ela locus encoding an Ela 



protein (e.g., p289R or p243R) that is substantially inca- 
pable of forming a complex with RB protein in infected cells 
is administered to an individual or cell population compris- 
ing a neoplastic cell capable of being infected by the 
recombinant adenovirus. The substantial incapacity of the 
recombinant adenovirus to effectively sequester RB protein 
in infected non-neoplastic cells results in the introduced 
recombinant adenoviral polynucleotide(s) failing to express 
a replication phenotype in non-neoplastic cells. By contrast, 
neoplastic cells which lack a functional RB protein support 
expression of a replication phenotype by the introduced 
recombinant adenovirus which leads to ablation of the 
neoplastic cell by an adenoviral cytopathic effect and/or 
expression of a negative selection gene linked to the repli- 
cation phenotype. In preferred variations of these 
embodiments, the recombinant adenovirus comprises an Ela 
locus encoding a mutant Ela protein (e.g. , p289R) that lacks 
a CR1 and/or CR2 domain capable of binding RB (and/or 
the 300 kD polypeptide and/or the 107 kD polypeptide) but 
comprises a functional CR3 domain capable of transactiva- 
tion of adenoviral early genes. Additional variations of these 
embodiments include those where the recombinant adenovi- 
rus comprises a nonfunctional Ela locus which is substan- 
tially incapable of expressing a protein that binds to and 
inactivates RB and may optionally also comprise a func- 
tional pl9 protein (i.e., capable of stimulating expression of 
adenoviral early region genes in the absence of Ela 
function). Recombinant adenoviruses of the invention may 
further comprise a mutant pl9 gene which produces 
enhanced cytopathic effects; such a mutant known in the art 
is the pl9 cyt mutant gene. 

The invention provides novel recombinant adenovirus 
constructs which are replication defective in non-neoplastic 
cells but capable of expressing a replication phenotype in 
neoplastic cells lacking functional p53 and/or RB, The novel 
recombinant adenovirus constructs comprise a mutation, 
such as a deletion or point mutation, in the Ela and/or Elb 
gene regions, especially in the sequences encoding the Elb 
p55 protein and the CR1 and CR2 domains of the Elap289R 
or p243R proteins. In some embodiments, a negative select- 
able gene, such as an HSV tk gene, is operably linked to an 
early region (e.g., E2, Ela, Elb) enhancer/promoter, a late 
region gene enhancer/promoter (e.g., major late promoter), 
or an early or late region promoter with a CMV enhancer, in 
a recombinant adenovirus construct also comprising an Ela 
or Elb mutation, so that the negative selectable gene is 
preferentially transcribed in infected cells which express a 
replication phenotype (i.e., neoplastic cells) and provides 
negative selection of such cells by administration of an 
effective dosage of a negative selection agent (e.g., 
gancyclovir, FIAU). A negative selectable gene may be 
inserted in place of an Ela and/or Elb structural sequence to 
concomitantly form an Ela (-) replication deficient mutant, 
Elb c_) replication deficient mutant, or Ela/Elb double 
mutant, respectively. 

Antineoplastic compositions comprising such recombi- 
nant adenovirus in a pharmaceutically acceptable form for 
delivery to a neoplastic cell population in vivo are also 
provided. 

The invention also provides recombinant papovaviruses, 
such as human papmomavirus (HPV), polyomaviruses (e.g., 
BK, JC) and SV40, which lack functional proteins for 
binding and/or inactivating p53 and/or RB. Human papillo- 
mavirus mutants lacking expression of functional E6 protein 
will substantially lack the capacity to effectively degrade 
p53 and thus will be capable of manifesting a replication 
phenotype in p53 (_) cells but not in cells containing a 
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sufficient level of functional p53. Human papillomavirus that can be isolated from a source in nature and which has 

mutants lacking expression of functional E7 protein will not been intentionally modified by man in the laboratory is 

substantially lack the capacity to effectively bind RB and naturally-occurring. As used herein, the term "recombinant" 

thus will be capable of manifesting a replication phenotype indicates that a polynucleotide construct (e.g., and adenovi- 
in RB e> cells but not in cells containing a sufficient level of 5 rus genome) has been generated, in part, by intentional 

functional RB. Human papillomavirus mutants lacking modification by man. 

expression of both functional E6 protein and functional E7 As used herein, the term 'Replication deficient virus" 
protein will substantially lack the capacity to effectively refers to a vims mat preferentially inhibits cell proliferation 
bind RB and p53 thus will be capable of manifesting a or induces apoptosis in a predetermined cell population 
replication phenotype in pSS^RB" cells but not in cells 10 ^ ceUs substantially lacking p53 and/or RB function) 
containing a sufficient level of functional RB and/or p53. which su PP orts expression of a virus replication phenotype, 
m, ■ .. , .. , . e ^ .. and which is substantially unable to inhibit cell proliferation, 
The invention also provides novel methods for treating a • A t . J ,. . *1 . „ 
, ^ .. v . . . , , . . ^ . * induce apoptosis, or express a replication phenotype in cells 
neoplastic disease comprising the steps of administering to convrisingnonnalp5 3a ndR B function levels characteristic 
a patient a recombinant virus capable of preferentially of ^ licating. non-transformed ceUs. TypicaUy, a rep- 
expressing a replicafcon phenotype and/or expressing a « Ucation £ ficien f virus exMbits a substant /£ de ^ ase ^ 
cytopathic effect in a neoplastic cell population as compared x ^ effid on ^ risin normal w and/or 
to expression in a non- neoplastic cell population. p53 function 

BRIEF DESCRIPTION OF THE DRAWING As used herein, the term "p53 function" refers to the 

„ . , . . , . . . wi property of having an essentially normal level of a polypep- 

1 sh ° ws a schematlc representation of the domain tide encoded by the p53 gene (i.e., relative to non-neoplastic 

^ d SL and 1 pr0tel . n ," pr0tem mteractlons °f an adenovirus ceUs of Me same type), wherein the P 53 

Ela-289R polypeptide. polypeptide is capable of binding an Elb P 55 protein of 

FIGS. 2(c-i) shows infection of normal and neoplasticaUy wild-type adenovirus 2 or 5. For example, p53 function may 

transformed human cell lines with wild-type adenovirus and 25 be lost by production of an inactive (i.e., mutant) form of 

recombination-deficient recombinant adenovirus mutants. p 53 or by a substantial decrease or total loss of expression 

Each cell line indicated was mock-infected, FIG. 2(a); or of p53 polypeptide(s). Also, p53 function may be substan- 

infected at an MOI of 1.0 with wild-type adenovirus 2, tially absent in neoplastic cells Which comprise p53 alleles 

FIGS. 2(b-c); mutant derivative dl 1010, FIGS. 2(d-e); encoding wild-type p53 protein; for example, a genetic 

mutant derivative dl 1520, FIGS. 2(f-g); or mutant deriva- 3Q alteration outside of the p53 locus, such as a mutation that 

tive dl 434, FIGS. 2(h-i). FIG. 2(a) shows results 9 days results in aberrant subcellular processing or localization of 

after the mock infection. The remaining panels show results p 53 (e.g., a mutation resulting in localization of p53 pre- 

from the following post-infection periods : FIG. 2(b), 4 days; dominantly in the cytoplasm rather than the nucleus) can 

FIG. 2(c), 7 days; FIG. 2(d), 8 days; FIG. 2(e), 12 days; FIG. result in a loss of p53 function. 

2(f), 14 days; FIG. 2(g), 20 days; FIG. 2(h), 6 days; FIG. 35 As used herein! me tenn «rb function" refers to the 

2(0, 14 days. On various days post-infection (noted supra), property of having an essentially normal level of a polypep- 

the cells were washed with PBS to remove dead cells and the tide encoded by the RB gene (i.e., relative to non-neoplastic 

remaining cells were stained with crystal violet Each cell ceUs G f the same histological type), wherein the RB 

line mockinfected with PBS alone was included as a control polypeptide is capable of binding an Ela protein of wild- 

for viability. ^ type adenovirus 2 or 5. For example, RB function may be 

FIGS. 3(c-c) shows infection of the normal human lung lost by production of an inactive (i.e., mutant) form of RB 

diploid fibroblast cell line IMR90 (ATCC CCL 186) with or by a substantial decrease or total loss of expression of RB 

wild-type and mutant adenoviruses. IMR90 cells were polypeptide^). Also, RB function may be substantially 

infected with the indicated virus at MOIs corresponding to absent in neoplastic cells that comprise RB alleles encoding 

0.1, 1.0, 10, and 100. At the indicated days post-infection, 45 a wild-type RB protein; for example, a genetic alteration 

cells were washed with PBS and stained with crystal violet outside of the RB locus, such as a mutation that results in 

One well in each 6-well dish was seeded with 293 cells to aberrant subcellular processing or localization of RB, may 

serve as a positive control for virus infection. FIG. 3(a) result in a loss of RB function. 

shows cells infected with wild-type Ad2 at 9 days post- As used herein, the term "replication phenotype" refers to 

infection. FIG. 3(b) shows cells infected with dl 1010 at 9 50 one or more of the following phenotypic characteristics of 

days post-infection. FIG. 3(c) shows cells infected with dl cells infected with a virus such as a replication deficient 

1520 at 9 days post-infection. adenovirus: (1) substantial expression of late gene products, 

Definitions such as ca P sid proteins (e.g., adenoviral penton base 
polypeptide) or RNA transcripts initiated from viral late 

Unless denned otherwise, all technical and scientific 55 gene promoters), (2) replication of viral genomes or for- 

terms used herein have the same meaning as commonly mation of replicative intermediates, (3) assembly of viral 

understood by one of ordinary skill in the art to which this capsids or packaged virion particles, (4) appearance of 

invention belongs. Although any methods and materials cytopathic effect (CPE) in the infected cell, (5) completion 

similar or equivalent to those described herein can be used of a viral lytic cycle, and (6) other phenotypic alterations 

in the practice or testing of the present invention, the 60 which are typically contingent upon abrogation of p53 or RB 

preferred methods and materials are described For purposes function in non-neoplastic cells infected with a wild-type 

of the present invention, the following terms are defined replication competent DNA virus encoding functional 

below. oncoprotein(s). A replication phenotype comprises at least 

The term "naturally-occurring" as used herein as applied one of the listed phenotypic characteristics, preferably more 

to an object refers to the fact that an object can be found in 65 than one of the phenotypic characteristics, 

nature. For example, a polypeptide or polynucleotide The term "antineoplastic replication deficient virus" is 

sequence that is present in an organism (including viruses) used herein to refer to a recombinant virus which has the 
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functional property of inhibiting development or progres- 
sion of a neoplasm in a human, by preferential cell killing of 
infected neoplastic cells relative to infected nonreplicating, 
non-neoplastic cells of the same histological cell type. 

As used herein, "neoplastic cells" and "neoplasia" refer to 
cells which exhibit relatively autonomous growth, so that 
they exhibit an aberrant growth phenotype characterized by 
a significant loss of control of cell proliferation. Neoplastic 
cells comprise cells which may be actively replicating or in 
a temporary non-replicative resting state (Gj or G 0 ); 
similarly, neoplastic cells may comprise cells which have a 
well-differentiated phenotype, a poorly-differentiated 
phenotype, or a mixture of both type of cells. Thus, not all 
neoplastic cells are necessarily replicating cells at a given 
timepoint. The set defined as neoplastic cells consists of 
cells in benign neoplasms and cells in malignant (or frank) 
neoplasms. Frankly neoplastic cells are frequently referred 
to as cancer, typically termed carcinoma if originating from 
cells of endodermal or ectodermal histological origin, or 
sarcoma if originating from cell types derived from meso- 
derm. 

As used herein, the term "operably linked" refers to a 
linkage of polynucleotide elements in a functional relation- 
ship. A nucleic acid is "operably linked" when it is placed 
into a functional relationship with another nucleic acid 
sequence. For instance, a promoter or enhancer is operably 
linked to a coding sequence if it affects the transcription of 
the coding sequence. Operably linked means that the DNA 
sequences being linked are typically contiguous and, where 
necessary to join two protein coding regions, contiguous and 
in reading frame. However, since enhancers generally func- 
tion when separated from the promoter by several kilobases 
and intronic sequences may be of variable lengths, some 
polynucleotide elements may be operably linked but not 
contiguous. 

As used herein, "physiological conditions" refers to an 
aqueous environment having an ionic strength, pH, and 
temperature substantially similar to conditions in an intact 
mammalian cell or in a tissue space or organ of a living 
mammal. Typically, physiological conditions comprise an 
aqueous solution having about 150 mM NaCl (or optionally 
KC1), pH 6.5-8.1, and a temperature of approximately 
20°-45° C. Generally, physiological conditions are suitable 
binding conditions for intermolecular association of biologi- 
cal macromolecules. For example, physiological conditions 
of 150 mM NaCl, pH 7.4, at 37° C. are generally suitable. 

DETAILED DESCRIPTION 

Generally, the nomenclature used hereafter and the labo- 
ratory procedures in cell culture, molecular genetics, and 
molecular virology described below are those well known 
and commonly employed in the art. Standard techniques are 
used for recombinant nucleic acid methods, polynucleotide 
synthesis, polypeptide synthesis, generation and propagation 
of virus stocks (including cell lines capable of transcomple- 
mentation of replication deficient virus stocks), cell culture, 
and the like. Generally enzymatic reactions and purification 
steps are performed according to the manufacturer's speci- 
fications. The techniques and procedures are generally per- 
formed according to conventional methods in the art and 
various general references (see, generally, Sambrook et al. 
Molecular Cloning: A Laboratory Manual, 2d ed. (1989) 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 
N.Y.; Virology, Second edition, eds. Fields, B. N. and Knipe, 
D. M., (1990) Raven Press, New York, N.Y., incorporated 
herein by reference) which are provided throughout this 



document. The procedures therein are believed to be well 
known in the art and are provided for the convenience of the 
reader. All the information contained therein is incorporated 
herein by reference. 

5 Neoplasia is a pathological condition which is 
characterized, in part, by the generation of neoplastic cells 
having variant genotypes and phenotypes. Some tumors may 
comprise a population of cells lacking RB function but 
having p53 function; such cells are designated RB C_) . Some 

10 tumor cells may lack p53 function but have RB function; 
such cells are designated p53 M . Some tumors may comprise 
cells lacking both p53 and RB and are designated p53 <_) RB 
<-) . The cell line SAOS2 (infra, see Experimental Example) 
is an example of a neoplastic cell type which is p53 (-) RB (_:i . 

15 Also, there may be neoplastic cells which comprise essen- 
tially normal levels of p53 and RB; such cells having both 
normal p53 and normal RB may lack other oncoproteins 
(e.g., tumor suppressor gene products other than p53 or RB) 
which can provide the basis for antineoplastic viral con- 

20 structs which can preferentially manifest a replication phe- 
notype in such neoplastic cells. 

A basis of the present invention is that several DNA 
viruses which infect mammalian cells (e.g., adenoviruses; 
papovaviruses such as BK and JC, SV40, and papillomavi- 

25 ruses such as HPV, and the like) encode viral proteins which 
are essential for efficient progression through the viral 
replication cycle; some of these viral proteins sequester 
cellular proteins, such as those involved in cell-cycle control 
and/or formation of transcription complexes, as a necessary 

30 condition for efficient viral replication. In the absence of the 
viral proteins which bind, sequester, or degrade such cellular 
proteins as p53 and RB, viral replication is substantially 
inhibited. Normal (i.e., non-neoplastic) cells which are 
infected with a mutant virus lacking the ability to sequester 

35 or degrade p53 and/or RB are generally unable to support 
replication of the mutant virus, hence such mutant viruses 
are considered to be replication deficient (or replication 
defective). However, since the sequestration or degradation 
of p53 or RB is not necessary for viral replication in cells 

40 which lack functional p53 or RB (such cells are designated 
p53 ( } and RB C> respectively) it is possible that replication 
deficient mutant viruses which are defective for p53 and/or 
RB sequestration or degradation may express a replication 
phenotype in such p53 <_> or RB <-) cells to a greater extent 

45 than in cells having essentially normal p53 and/or RB 
function. Neoplastic cells frequently lack p53 function (a 
p53 M cell), RB function (a RB (_) cell), or both functions (a 
p53 <-) RB <-) cell). Hence, some replication deficient viral 
mutants may preferentially exhibit a replication phenotype 

50 in neoplastic cells. 

Viral mutants lacking the capacity to express a functional 
RB inactivating protein (e.g., adenovirus Ela, HPV E7 
protein) will manifest a replication phenotype in RB M cells 
and RB (_) p53 M cells. Viral mutants lacking the capacity to 

55 express a functional p53 inactivating protein (e.g., adenovi- 
rus Elb p55, HPV E6 protein) will manifest a replication 
phenotype in p53 (_) cells and RB <_) p53 <_) cells. Viral 
mutants lacking the capacity to express both a functional 
p53 inactivating protein (e.g., adenovirus Elb p55, HPV E6 

60 protein) and a functional RB inactivating protein (e.g., 
adenovirus Ela, HPV E7 protein) will manifest a replication 
phenotype in RB (_) p53 (_) cells. Cytotoxicity linked to the 
expression of a replicative phenotype can therefore be used 
as a basis for preferentially killing neoplastic cells having a 

65 RB <_) , p53 <_) , or RB c_) p53 <_) phenotype. Although some 
replicating non-neoplastic cells may transiently exhibit a 
RB () phenotype, p53 <_) phenotype, or RB c_) p53 <_) pheno- 
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type during progression through the cell cycle, the viral functional oncoprotein, such as Ela, to possess transcrip- 
mutants of the invention may be used for preferential, albeit tionally active E2F. Therefore, it is believed that replication 
not necessarily completely selective, killing of neoplastic deficient adenovirus species which lack the capacity to 
cells, thus constituting a useful antineoplastic therapy complex RB but substantially retain other essential replica- 
modality to be used alone or in combination with other 5 ti ve functions will exhibit a replication phenotype in cells 
modalities of treatment. Deletions (or other inactivating wmch 316 deficient in RB function (e.g., cells which are 
mutations) in the 37 amino-terminal residues of the HPV E7 homozygous or heterozygous for substantially deleted RB 
polypeptide are preferred HPV mutants for application to aUeles ' ceUs which comprise RB alleles encoding mutant 
RB" cells, since these residues are important for RB RB proteins which are essentially nonfunctional, cells which 
binding to c 0111 ? 1 * 86 mutations that result in a lack of function of an RB 
. ixl ^ , . , „ , , , protein) but will not substantially exhibit a replicative phe- 
Although the methods and compositions presented below not ^ ^ ^.4™]^™ non-neoplastic cells. Such repli- 
are described specifically for methods relating to replication cation deficient aden ovirus species are referred to herein for 
deficient adenoviral constructs, it is believed that the inven- convenience as Ela-RB<-> replication deficient adenovi- 
tion can be practiced with other DNA viruses encoding ruses. 

oncoproteins which sequester or enhance the degradation of 15 A ce rj population (such as a mixed cell culture or a human 

p53 protein or RB protein, for example replication deficient cancer patient) which comprises a subpopulation of neo- 

papillomavirus species (e.g., mutants of HPV types 16, 18, plastic cells lacking RB function and a subpopulation of 

33) that contain mutations in the E6 and/or E7 genes which non-neoplastic cells which express essentially normal RB 

substantially abrogate p53 and/or RB function, respectively. function can be contacted under infective conditions (i.e., 

In addition to members of the family Adenoviridae 20 conditions suitable for adenoviral infection of the cell 

(specifically the genus Mastadenovirus), it is believed that population, typically physiological conditions) with a com- 

members of the family Papovaviridae, especially papillo- position comprising an infectious dosage of a Ela-RB'- - '' 

mavirus andpolyomavirus, which encode viral proteins that replication deficient adenovirus. Such contacting results in 

sequester and/or inactivate p53 or RB are suitable for use in infection of the cell population with the Ela-RB (_) replica- 

the methods of the invention 25 tion deficient adenovirus. The infection produces preferen- 

For a general description of adenovirus and papovavirus ^ expression of a replication phenotype in a significant 
biology, Virology, Second edition, eds. Fields, B. N. and ^ act ! on °f, * e ^ eUs camprang subpopulation of neo- 
Knipe, D. M., Vol. 2, pp. 1651-1740, Raven Press, New P lastic ce ? s lackm § but does not P roduce a 
York, N.Y., incorporated herein by reference, may be substantial expression of a replicative phenotype in the 
referred to for guidance. The following specific descriptions ™ subpopulation of non-neoplastic cells having essentially 
refer to, but are not limited to, adenovirus serotype 5 and normal m Action The expression of a replication phe- 
adenovirus serotype 2. Although it is believed that other Q0 ^ e m an u lnfected ™ 1*°,^ u »* e . deafl ' of * e 
adenoviral serotypes may be used, adenovirus type 5 pro- ceU ' f^.f 5 ^ °P ath ic effect (CPE) cell lysis apoptosis, 
vides a common reference point for the nucleotide number- and * e resul * n S ™ a sel f cfave ablatlon of m****** 
ing convention of viral polynucleotides and amino acid 3J RB M cells from the cell population, 
numbering of viral-encoded polypeptides of the Ela viral Typically, Ela-RB 1 > replication deficient adenovirus con- 
gene region, and other viral genes. Adenovirus type 2 structs suitable for selective killing of RB(-) neoplastic cells 
provides a convenient reference for the numbering conven- comprise mutations (e.g., deletions, substitutions, 
tion of the Elb viral gene region, and other viral gene rrameshifts) which inactivate the ability of an Elapolypep- 
regions. It is believed that those of skill in the art will readily 40 tide t0 bind m P 01 ™ effectively. Such inactivating muta- 
identify the corresponding positions in other adenoviral tions tyP icall y occur in the Ela CR1 domain (amino acids 
serotypes. References to human papillomavirus generally 30 " 85 in Ad5: nucleotide positions 697-790) and/or the 
refer to a type associated with neoplasia (e.g., types 16, 18, 012 domam (a™ 310 acid s 120-139 in Ad5; nucleotide 
or 33), although non-oncogenic types may also be used. positions 920-967), which are involved in binding the pl05 
45 RB protein and the pl07 protein. Preferably, the CR3 
Ela Mutants domain (spanning amino acids 150-186) remains and is 

The loss of retinoblastoma tumor suppressor gene (RB) expressed as a truncated p289R polypeptide and is func- 

gene function has been associated with the etiology of tional in transactivation of adenoviral early genes. FIG. 1 

various types of tumors. The product of this tumor suppres- portrays schematically the domain structure of the Ela-289R 

sor gene, a 105 kilodalton polypeptide called pRB or pl05, 50 polypeptide. 

is a cell-cycle regulatory protein. The pRB polypeptide Suitable Ela-RB <_) replication deficient adenovirus con- 
inhibits cell proliferation by arresting cells at the Gj phase structs for use in the methods and compositions of the 
of the cell cycle. The pRB protein is also a major target of invention include, but are not limited to the following 
several DNA virus oncoproteins, including adenovirus Ela, examples: (1) adenovirus serotype 5 NT dl 1010, which 
SV40 large T Ag, and papillomavirus E7. These viral 55 encodes an Ela protein lacking the CR1 and CR2 domains 
proteins bind and inactivate pRB, and the function of (deletion of amino acids 2 to 150; nucleotides 560-1009) 
inactivating pRB is important in facilitating viral replication. necessary for efficient RB binding, but substantially retain- 
The pRB protein interacts with the E2F transcription factor, ing the CR3 domain (Whyte et al. (1989) Cell 56: 67, 
which is involved in the expression-.of the adenovirus E2 incorporated herein by reference), and (2) adenovirus sero- 
gene and several cellular genes, and inhibits the activity of 60 type 5 dl 312, which comprises a deleted viral genome 
this transcription factor (Bagchi et al. (1991) Cell 65: 1063; lacking the region spanning nucleotides 448-1349 which 
Bandara et al. (1991) Nature 351: 494; Chellappan et al. encodes the entire Ela region in wild-type adenovirus 
(1992) ProcNatl. Acad. Sci.(U.S.A.) 89: 4549, incorporated (Jones, N. and Shenk, T. (1979) Proc. Natl. Acad. Sci. 
herein by reference). The viral oncoproteins, such as aden- (U.S.A.) 76: 3665, incorporated herein by reference). Ad5 
ovirus Ela, disrupt the pRB/E2F complex resulting in acti- 65 NT dl 1010 is a preferred Ela-RB^ replication deficient 
vation of E2F. However, cells lacking sufficient functional adenovirus and is available from Dr. E. Harlow, Massachu- 
pRB to complex the E2F will not require the presence of a setts General Hospital, Boston, Mass.). 
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It may be preferable to Incorporate additional mutations 
into such adenovirus constructs to inhibit formation of 
infectious virions in neoplastic cells which otherwise would 
support replication of the Ela-RB <_) mutants. Such addi- 
tional inactivating mutations would be preferred in thera- 
peutic modalities wherein complete viral replication form- 
ing infectious virions capable of spreading to and infecting 
adjacent cells is undesirable. These fully inactivated mutants 
are referred to as nonreplicable Ela-RB M mutants. Such 
nonreplicable mutants comprise mutations which prevent 
formation of infectious virions even in p53 (_) RB H cells; 
such mutations typically are structural mutations in an 
essential virion protein or protease. 

However, in many modalities it is desirable for the mutant 
virus to be replicable and to form infectious virions con- 
taining the mutant viral genome which may spread and 
infect other cells, thus amplifying the antineoplastic action 
of an initial dosage of mutant virus. 

Additional Ela M mutants lacking the capacity to bind RB 
can be generated by those of skill in the art by generating 
mutations in the Ela gene region encoding Ela 
polypeptides, typically in the CR1 and/or CR2 domains, 
expressing the mutant Ela polypeptide, contacting the 
mutant Ela polypeptides with pl05 or a binding fragment of 
RB under aqueous binding conditions, and identifying 
mutant Ela polypeptides which do not specifically bind RB 
as being candidate Ela (_:i mutants suitable for use in the 
invention. Alternative assays include contacting the mutant 
Ela polypeptides with the 300 kD protein and/or pl07 
protein or binding fragment thereof under aqueous binding 
conditions, and identifying mutant Ela polypeptides which 
do not specifically bind the 300 kD and/or pl07 polypep- 
tides as being candidate Ela (_) mutants suitable for use in 
the invention. Alternative binding assays include determin- 
ing the inability of Ela (_) mutant protein (or absence of Ela 
protein) to form complexes with the transcription factor E2F 
and/or to lack the ability to dissociate the RB protein from 
RB:E2F complexes under physiological conditions 
(Chellappan et al. (1991) op. cit., incorporated herein by 
reference). 

Alternative functional assays for detennining mutants 
lacking Ela function, such as loss of transactivation by Ela 
of transcription of various reporter polypeptides linked to a 
Ela-dependent transcriptional regulatory sequence, and the 
like, will be used. 

Elb Mutants 

A function of the cellular phosphoprotein p53 is to inhibit 
the progression of mammalian cells through the cell cycle. 
Wild-type adenovirus Elb p55 protein binds to p53 in 
infected cells that have p53 and produce a substantial 
inactivation of p53 function, likely by sequestering p53 in an 
inactive form. Functional Elb p55 protein is essential for 
efficient adenoviral replication in cells containing functional 
p53. Hence, adenovirus variants which substantially lack the 
ability to bind p53 are replication deficient in non- 
replicating, non-neoplastic cells having normal levels of 
functional p53. 

Human tumor cells frequently are homozygous or het- 
erozygous for mutated (e.g., substitution, deletion, frame- 
shift mutants) p53 alleles, and lack p53 function necessary 
for normal control of the cell cycle (Hollstein et al. (1991) 
Science 253: 49; Levine et al. (1991) op. cit., incorporated 
herein by reference). Thus, many neoplastic cells are p53 (-) , 
either because they lack sufficient levels of p53 protein 
and/or because they express mutant forms of p53 which are 



incapable of substantial p53 function, and which may sub- 
stantially diminish p53 function even when wild-type p53 
may be present (e.g., by inhibiting formation of functional 
multimers). Some neoplastic cells may comprise alleles 

5 encoding essentially wild-type p53 proteins, but may com- 
prise a second site mutation that substantially abrogates p53 
function, such as a mutation that results in p53 protein being 
localized in the cytoplasm rather than in the nucleus; such 
second site mutants also substantially lack p53 function. 

10 It is believed that replication deficient adenovirus species 
which lack the capacity to complex p53 but substantially 
retain other essential viral replicative functions will exhibit 
a replication phenotype in cells which are deficient in p53 
function (e.g., cells which are homozygous for substantially 

15 deleted p53 alleles, cells which comprise mutant p53 pro- 
teins which are essentially nonfunctional) but will not sub- 
stantially exhibit a replicative phenotype in non-replicating, 
non-neoplastic cells. Such replication deficient adenovirus 
species are referred to herein for convenience as Elb-p53 <_) 

20 replication deficient adenoviruses. 

A cell population (such as a mixed cell culture or a human 
cancer patient) which comprises a subpopulation of neo- 
plastic cells lacking p53 function and a subpopulation of 
non-neoplastic cells which express essentially normal p53 

25 function can be contacted under infective conditions (i.e., 
conditions suitable for adenoviral infection of the cell 
population, typically physiological conditions) with a com- 
position comprising an infectious dosage of a Elb-p53 <_> 
replication deficient adenovirus. Such contacting results in 

30 infection of the cell population with the Elb-p53 c_) replica- 
tion deficient adenovirus. The infection produces preferen- 
tial expression of a replication phenotype in a significant 
fraction of the cells comprising the subpopulation of neo- 
plastic cells lacking p53 function but does not produce a 

35 substantial expression of a replicative phenotype in the 
subpopulation of non-neoplastic cells having essentially 
normal p53 function. The expression of a replication phe- 
notype in an infected p53 M cell results in the death of the 
cell, such as by cytopathic effect (CPE), cell lysis, apoptosis, 

40 and the like, resulting in a selective ablation of neoplastic 
p53 (-:> cells from the cell population. 

Typically, Elb-p53 M replication deficient adenovirus 
constructs suitable for selective killing of p53(-) neoplastic 
cells comprise mutations (e.g., deletions, substitutions, 

45 frameshifts). which inactivate the ability of the Elb p55 
polypeptide to bind p53 protein effectively. Such inactivat- 
ing mutations typically occur in the regions of p55 which 
bind p53 . Optionally, the mutant Elb region may encode and 
express a functional pl9 protein encoded by the Elb region 

50 remains and that is functional in transactivation of adenovi- 
ral early genes in the absence of Ela polypeptides. 

Suitable Elb-p53 (-) replication deficient adenovirus con- 
structs for use in the methods and compositions of the 
invention include, but are not limited to the following 

55 examples: (1) adenovirus type 2 dl 1520, which contains a 
C to T mutation at nucleotide position 2022 that generates a 
stop codon 3 amino acids downstream of the AUG codon 
used for initiation of translation of the p55 protein and a 
deletion between nucleotides 2496 and 3323 replaced with 

60 a small linker insertion that generates a second stop codon 
at nucleotide 3336; the expression of the pl9 protein is 
essentially unaffected (Barker and Berk (1987) Virology 
156: 107, incorporated herein by reference, and (2) a com- 
posite adenovirus construct comprising adenovirus type 2 dl 

65 1520 comprising at least the position 2022 mutation and/or 
the 2496-3323 deletion mutation, or a substantial portion 
thereof, and an additional mutation in pl9 to yield a pl9 cyt 
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mutant; the composite virus construct lacks p55 and com- 
prises the enhanced cytopathic effect of the pl9 cyt muta- 
tion. Ad2 dl 1520 are available from Dr. A. Berk, University 
of California at Los Angeles, Los Angeles, Calif., and are 
described in the literature, including Barker and Berk (1987) : 
Virology 156: 107, incorporated herein by reference. 

It may be preferable to incorporate additional mutations 
into such adenovirus constructs to inhibit formation of 
infectious virions in neoplastic cells which otherwise would 
support replication of the Elb-p53 <_) mutants. Such addi- i 
tional inactivating mutations would be preferred in thera- 
peutic modalities wherein complete viral replication form- 
ing infectious virions capable of spreading to and infecting 
adjacent cells is undesirable. These fully inactivated mutants 



14 



by reference) comprises a deletion of the Ela locus and a 
partial deletion of the Elb locus, and substantially lacks the 
capacity to encode functional Ela and Elb p55 proteins. 

A cell population (such as a mixed cell culture or a human 
cancer patient) which comprises a subpopulation of neo- 
plastic cells lacking p53 and RB functions and a subpopu- 
lation of non-neoplastic cells which express essentially 
normal p53 function and/or RB function can be contacted 
under infective conditions (i.e., conditions suitable for aden- 
oviral infection of the cell population, typically physiologi- 
cal conditions) with a composition comprising an infectious 
dosage of a replication deficient Ela/Elb double mutant 
adenovirus. Such contacting results in infection of the cell 
population with the Ela/Elb double mutant replication 



are referred to as nonreplicable. Elb-P53<-> mutants. Such « deficient adenovirus. The infection produces preferential 



nonreplicable mutants comprise mutations which prevent 
formation of infectious virions even in p53 (_) RB (_) cells; 
such mutations typically are structural mutations in an 
il virion protein or protease. 



expression of a replication phenotype in a significant frac- 
tion of the cells comprising the subpopulation of neoplastic 
cells lacking both p53 function and RB function but does not 
produce a substantial expression of a replicative phenotype 
However, in many modalities it is desirable for the mutant 20 in the subpopulation of non-neoplastic cells having essen- 
virus to be replicable and to form infectious virions con- tially normal p53 function and/or RB function. The expres- 
taining the mutant viral genome which may spread and sion of a replication phenotype in an infected p53 (_) RB <_) 
infect other cells, thus amplifying the antineoplastic action ce U results in the death of the cell, such as by cytopathic 
of an initial dosage of mutant virus. effect (CPE), cell lysis, and the like, resulting in a selective 

Additional Elb (_) mutants lacking the capacity to bind 25 ab l atio11 of neoplastic p53(-)RB c_) cells from the cell popu- 



It may be preferable to incorporate additional mutations 
into such adenovirus constructs to inhibit formation of 
infectious virions in neoplastic cells which otherwise would 
support replication of an Ela/Elb double mutant. Such 
additional inactivating mutations would be preferred in 
therapeutic modalities wherein complete viral replication 
forming infectious virions capable of spreading to and 
More typically, a functional assay will be used to identify 35 infecti ag adjacent cells is undesirable. These fully inacti- 
candidate Elb M mutants. For example, the Friend assay for vated mutan ts are referred to as nonreplicable Ela/Elb 
determination of p53 function will be performed essentially double mutants. Such nonreplicable mutants comprise muta- 
as described in Frebourg et al. (1992) Cancer Res. 52: 6977, tions which prevent formation of infectious virions even in 
incorporated herein by reference. Elb mutants which lack P 5 3 ( y KB ( ~ ) cells; such mutations typically are structural 
the capacity to inactivate p53 will be identified as candidate 40 mutations in an essential virion protein or protease. 
Elb <_:> replication deficient mutants 



p53 can be generated by those of skill in the art by 
generating mutations in the Elb gene region encoding the 
p55 polypeptide, expressing mutant p55 polypeptides, con- 
tacting the mutant p55 polypeptides with p53 or a binding , 
fragment of p53 under aqueous binding conditions, and " 
identifying mutant Elb polypeptides which do not specifi- 
cally bind p53 as being candidate Elb (_) mutants suitable for 
use in the invention. 



El^ 5 replication deficient mutants. 

Ela/Elb Double Mutants 



However, in many modalities it is desirable for the 
virus to be replicable and to form infectious virions con- 
taining the mutant viral genome which may spread and 
Some human tumor cells lack both p53 function and RB infect other cells, thus amplifying the antineoplastic action 
function, either by mutational inactivation or deletion of one 45 of 30 initial dosage of mutant virus, 
or both protein species. Such cells are termed p53 e) RB M 



cells. 

It is believed that replication deficient adenovirus species 
which lack the capacity to bind p53 and which also lack the 
capacity to bind RB, but which substantially retain other 5 
essential viral replicative functions will preferentially 
exhibit a replication phenotype in p53 (_) RB M cells. Such 
replication deficient adenovirus species are referred to 
herein for convenience as Ela-RB^/Elb-PSS^ replication 



Negative Selection Viral Constructs 

Although expression of an adenoviral replication pheno- 
type in an infected cell correlates with viral-induced 
cytotoxicity, generally by cell lysis, cytopathic effect (CPE), 
apoptosis, or other mechanisms of cell death, it may often be 
preferable to augment the cytotoxicity of a recombinant 
adenovirus that is to be used for antineoplastic therapy. Such 
augmentation may take the form of including a negative 
deficient adenoviruses, or simply Ela/Elb double mutants. 55 selection gene in the recombinant adenovirus, typically 
Such Ela/Elb double mutants can be constructed by those operably linked to an adenoviral promoter which exhibits 
of skill in the art by combining at least one Ela-RB ( > positive transcriptional modulation in cells expressing a 

replication phenotype. For example, a HSV tk gene cassette 
may be operably linked immediately downstream of an E3 
3 promoter of a replication deficient adenovirus, such as Ad5 
NT dl 1110. Frequently, it is desirable to delete a nonessen- 
tial portion (i.e., for viral replication and packaging) of the 
adenoviral genome to accommodate the negative selection 
cassette; thus a substantial portion of the E3 gene region may 
5 be deleted and replaced with a negative selection cassette 
such as an HSV tk gene operably linked to an E2 promoter 
(and enhancer) or other suitable promoter/enhancer. 



1 in the Ela region and at least one Elb-p53 <_ 
1 in Elb region encoding p55 to form a Ela/Elb 
double mutant adenovirus. Such a replication deficient 
double mutant adenovirus will exhibit a replication pheno- 
type in cells which are deficient in both p53 and RB 
functions but will not substantially exhibit a replicative 
phenotype in nonreplicating, non-transformed cells or in 
cells which are deficient in either p53 or RB function but not 
both functions. For example, the Ad5 dl 434 mutant 
(Grodzicker et al. (1980) Cell 21: 454, incorporated herein 
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Alternatively, a negative selection gene may be operably 
linked to an adenovirus late region promoter to afford 
efficient expression of the negative selection gene product in 
cells expressing a replication phenotype characterized by 
transcription from late gene promoters. 

For embodiments where viral replication forming infec- 
tious virions in vivo is undesirable, adenovirus replication 
deficient constructs which are nonreplicable are used. Such 
nonreplicable mutants comprise an Ela 11-5 and/or Elb c_) 
mutation and comprise all genetic functions necessary for 
generating a replication phenotype in a suitable neoplastic 
cell (e.g., a p53 M cell, a RB (_) cell, or a pSS^RB" cell) but 
have deleted at least one essential gene function necessary 
for formation of infectious virions, such as structural coat 
proteins, proteases, and the like. Alternatively, an elicited 
immune response evoked by the virus may neutralize infec- 
tious virions and moderate spread of the viral infection. 
Nonreplicable mutants lacking a complementable trans- 
acting function in addition to an Ela and/or Elb mutation 
may be propagated in conjunction with a complementary 
helper virus or a helper cell line capable of providing the 
deleted trans-acting function(s). For example, the 293 cell 
line (ATCC # CRL 1573; Graham et al. (1977) J. Gen. Virol. 
36: 59, incorporated herein by reference) which provides 
Ela and Elb functions in trans may be modified to provide 
additional functions in trans, such as a virion coat protein or 
the like, to permit propagation of the "nonreplicable" 
mutants for developing virus stocks. 

Expression of the HSV tk gene in a cell is not directly 
toxic to the cell, unless the cell is exposed to a negative 
selection agent such as gancyclovir or FIAU. Infected cells 
expressing a replication phenotype wherein a negative selec- 
tion gene is substantially expressed may produce essentially 
no additional cytotoxicity until the negative selection agent 
(e.g., gancyclovir) is administered in an effective selective 
dosage, at which time the infected cells expressing the tk 
gene will be selectively ablated; thus negative selection can 
be used for enhanced cytopafhic killing and/or to damp out 
further viral replication by killing cells exhibiting a repli- 
cative phenotype. Further, by adjusting the dosages and/or 
administration schedule of the negative selection agent, it is 
possible to produce only a partial ablation of the infected cell 
population expressing the negative selection gene. 
Generally, the dosage of gancyclovir is calibrated by gen- 
erating a standard dose-response curve and determining the 
dosage level at which a desired level ablation of infected 
neoplastic cells is observed. Information regarding admin- 
istration of gancyclovir (GANC) to animals is available in 
various sources in the art, including human prescribing 
directions from package inserts. When used in cell culture, 
a selective concentration of gancyclovir is typically in the 
range of 0.05 uM to 50 uM, typically about 1 uM, with about 
0.2 uM used for in vitro applications and about 1-5 uM 
administered for in vivo applications (typically administered 
over about 24 hours by continuous infusion from an osmotic 
pump loaded with 125 mg/ml of gancyclovir in aqueous 
solution). A dosage schedule for in vivo administration may 
comprise gancyclovir at a dosage of 5 mg/kg bodyweight 
B.I.D., given intravenously for seven days. 

Negative selection genes may be incorporated into Ela- 
RB^ replication deficient adenovirus constructs, Elba-p53 
^ replication deficient adenoviral constructs, Ela/Elb 
double mutant replication deficient viral constructs, or the 
like. A preferred embodiment is an HSV tk gene cassette 
(Zjilstra et al. (1989) Nature 342:435; Mansour et al. (1988) 
Nature 336: 348; Johnson et al. (1989) Science 245: 1234: 
Adair et al. (1989) Proc. Natl. Acad. Sci (U.S.A.) 86: 4574; 



7,178 

16 

Capecchi, M. (1989) Science 244:1288, incorporated herein 
by reference) operably linked to the E2 promoter of Ad5 NT 
dllllO or an alternative promoter and/or enhancer (e.g., 
major late promoter, Ela promoter/enhancer, Elb promoter/ 

5 enhancer), with a polydenylation site to form a tk expression 
cassette. The tk expression cassette (or other negative selec- 
tion expression cassette) is inserted into the adenoviral 
genome, for example, as a replacement for a substantial 
deletion of the E3 gene. Other negative selection genes and 

10 replication deficient adenovirus constructs will be apparent 
to those of skill in the art. It is believed that a negative 
selection gene operably linked to the E2 promoter is an 
especially preferred embodiment for incorporation into Ela 
^ replication-deficient adenovirus mutants, as the E2 pro- 

15 moter contains multiple E2F sites, whereas RB (_) and p53 
<->RB (-) lack RB function and presumably will exhibit more 
efficient transcription from the E2 promoter. 

Diagnostic and In Vitro Uses 

20 The replication deficient adenoviruses of the invention 
may be used to detect the presence of cells lacking p53 
and/or RB function. For example, a cell sample comprising 
a subpopulation of neoplastic cells lacking p53 and/or RB 
can be infected with a suitable replication deficient aden- 

25 ovirus species. After a suitable incubation period, the cells in 
the cell sample that express a replication phenotype (e.g., 
loss of ability to exclude Trypan blue, virion formation, 
3 H-thymidine incorporation into viral DNA) can be quanti- 
fied to provide a measure of the number or proportion of 

30 replicative and/or neoplastic cells in the cell sample. Such 
methods may be used to diagnose neoplasms and/or evaluate 
tumor cell load following chemotherapy in a patient on the 
basis of an explanted cell sample (e.g., a lymphocyte sample 
from a patient undergoing chemotherapy for a lymphocytic 

35 leukemia). 

Alternative diagnostic uses and variations are apparent; 
for example, a reporter gene (e.g., luciferase, 
p-galactosidase) may be substituted for a negative selection 
gene in a replication deficient adenovirus; transformed cells 
40 may be scored (such as in a cellular sample or transforma- 
tion assay) by the expression of the reporter gene, which is 
correlated with expression of a replication phenotype indi- 
cating a lack of p53 and/or RB in a cell. 

45 Therapeutic Methods 

Therapy of neoplastic disease may be afforded by admin- 
istering to a patient a composition comprising replication 
defective adenoviruses of the invention, including: Ela-RB 

50 <_:> replication deficient adenoviruses, Elb-p53 M replication 
deficient adenoviruses, Ela/Elb double mutants, and repli- 
cation deficient adenoviruses further comprising a negative 
selection gene. 
Various human neoplasms comprising cells that lackp53 

55 and/or RB functions may be treated with the replication 
deficient adenoviral constructs. For example but not 
limitation, a human patient or nonhuman mammal haying a 
bronchogenic carcinoma, nasopharyngeal carcinoma, laryn- 
geal carcinoma, small cell and non-small cell lung 

60 carcinoma, lung adenocarcinoma, hepatocarcinoma, pancre- 
atic carcinoma, bladder carcinoma, colon carcinoma, breast 
carcinoma, cervical carcinoma, ovarian carcinoma, or lym- 
phocytic leukemias may be treated by administering an 
effective antineoplastic dosage of an appropriate replication 

65 deficient adenovirus. Suspensions of infectious adenovirus 
particles may be applied to neoplastic tissue by various 
routes, including intravenous, intraperitoneal, intramuscular, 
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subdermal, and topical. A adenovirus suspension containing 
about 10 3 to 10" or more virion particles per ml may be 
inhaled as a mist (e.g., for pulmonary delivery to treat 
bronchogenic carcinoma, small-cell lung carcinoma, non- 
small cell lung carcinoma, lung adenocarcinoma, or laryn- 
geal cancer) or swabbed directly on a tumor site for treating 
a tumor (e.g., bronchogenic carcinoma, nasopharyngeal 
carcinoma, laryngeal carcinoma, cervical carcinoma) or may 
be administered by infusion (e.g., into the peritoneal cavity 
for treating ovarian cancer, into the portal vein for treating 
hepatocarcinoma or liver metastases from other non-hepatic 
primary tumors) or other suitable route, including direct 
injection into a tumor mass (e.g., a breast tumor), enema 
(e.g., colon cancer), or catheter (e.g., bladder cancer). 

Candidate antineoplastic adenovirus mutants may be fur- 
ther evaluated by their capacity to reduce tumorigenesis or 
neoplastic cell burden in nu/nu mice harboring a transplant 
of neoplastic cells lacking p53 and/or RB function, as 
compared to untreated mice harboring an equivalent trans- 
plant of the neoplastic cells. 

Antineoplastic replication deficient adenovirus mutants 
may be formulated for therapeutic and diagnostic adminis- 
tration to a patient having a neoplastic disease. For thera- 
peutic or prophylactic uses, a sterile composition containing 
a pharmacologically effective dosage of one or more species 
of antineoplastic replication deficient adenovirus mutant is 
administered to a human patient or veterinary nonhuman 
patient for treatment of a neoplastic condition. Generally, the 
composition will comprise about 10 3 to 10 15 or more 
adenovirus particles in an aqueous suspension. A pharma- 
ceutically acceptable carrier or excipient is often employed 
in such sterile compositions. A variety of aqueous solutions 
can be used, e.g., water, buffered water, 0.4% saline, 0.3% 
glycine and the like. These solutions are sterile and generally 
free of particulate matter other than the desired adenoviral 
virions. The compositions may contain pharmaceuticalfy 
acceptable auxiliary substances as required to approximate 
physiological conditions such as pH adjusting and buffering 
agents, toxicity adjusting agents and the like, for example 
sodium acetate, sodium chloride, potassium chloride, cal- 
cium chloride, sodium lactate, etc. Excipients which 
enhance infection of cells by adenovirus may be included. 

Replication deficient viruses may be delivered to neoplas- 
tic cells by liposome or immunoliposome delivery; such 
delivery may be selectively targeted to neoplastic cells on 
the basis of a cell surface property present on the neoplastic 
cell population (e.g., the presence of a cell surface protein 
which binds an immunoglobulin in an immunoliposome). 
Typically, an aqueous suspension containing the virions are 
encapsulated in liposomes or immunoliposomes. For 
example, a suspension of replication deficient adenovirus 
virions can be encapsulated in micelles to form immunoh- 
posomes by conventional methods (U.S. Pat No. 5,043,164, 
U.S. Pat. No. 4,957,735, U.S. Pat No. 4,925,661; Connor 
and Huang (1985) J. Cell Biol 101: 582; Lasic DD (1992) 
Nature 355: 279; Novel Drug Delivery (eds. Prescott, L. F. 
and Nimmo, W. S.: Wiley, New York, 1989); Reddy et al. 
(1992) /. Immunol. 148: 1585; incorporated herein by 
reference). Immunoliposomes comprising an antibody that 
binds specifically to a cancer cell antigen (e.g., CALLA, 
CEA) present on the cancer cells of the individual may be 
used to target virions to those cells. 

The compositions containing the present antineoplastic 
replication deficient adenoviruses or cocktails thereof can be 
administered for prophylactic and/or therapeutic treatments 
of neoplastic disease. In therapeutic application, composi- 
tions are administered to a patient already affected by the 
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particular neoplastic disease, in an amount sufficient to cure 
or at least partially arrest the condition and its complications. 
An amount adequate to accomplish this is defined as a 
"therapeutically effective dose" or "efficacious dose." 

5 Amounts effective for this use will depend upon the severity 
of the condition, the general state of the patient, and the 
route of administration. 

In prophylactic applications, compositions containing the 
antineoplastic replication deficient adenoviruses or cocktails 

10 thereof are administered to a patient not presently in a 
neoplastic disease state to enhance the patient's resistance to 
recurrence of a neoplasm or to prolong remission time. Such 
an amount is defined to be a "prophylactically effective 
dose." In this use, the precise amounts again depend upon 

15 the patient's state of health and general level of immunity. 
Single or multiple administrations of the compositions 
can be carried out with dose levels and pattern being selected 
by the treating physician. In any event, the pharmaceutical 
formulations should provide a quantity of the antineoplastic 

20 replication deficient adenoviruses of this invention sufficient 
to effectively treat the patient. 

Antineoplastic replication deficient adenoviral therapy of 
the present invention may be combined with other antine- 

25 oplastic protocols, such as conventional chemotherapy. 

Propagation of Mutant Adenovirus 

Adenoviral mutants of the invention (e.g., Ela-RB C_) 
replication deficient adenoviruses, Elb-p53 c ^ replication 

30 deficient adenoviruses, and Ela/Elb double mutants) typi- 
cally are propagated as-viral stocks in a cell line (e.g., the 
293 cell line ATCC # CRL 1573, American Type Culture 
Collection, Rockville, Md.; Graham et al. (1977) J. Gen. 
ViroL 36: 59) which can provide Ela function, Elb function, 

35 or both Ela and Elb functions, respectively, in trans to 
support replication and formation of infectious mutant viri- 

The following examples are offered by way of example 
and not by way of limitation. Variations and alternate 
40 embodiments will be apparent to those of skill in the art. 

EXPERIMENTAL EXAMPLE 

The following experimental example demonstrates that 

45 administering a replication-deficient recombinant adenovi- 
rus preparation to neoplastic cells lacking p53 and/or Rb 
function can effectively kill neoplastic cells. The example 
also shows that non-neoplastic cells containing p53 and Rb 
function are relatively resistant to killing by the replication- 

50 deficient recombinant adenovirus preparation. Therefore, 
the data presented hereinbelow provide experimental veri- 
fication that administration of replication-deficient recom- 
binant adenovirus can be used to selectively kill neoplastic 
cells. The selective killing is provided by exploiting the 

55 differential ability of the mutant adenoviruses to induce a 
replication phenotype in neoplastic cells, but substantially 
not induce a replication phenotype (or associated cytopathic 
effect) in non-neoplastic cells. 

Control non-neoplastic cells and cell lines representing a 

60 variety of neoplastic cell types were plated in 6-well culture 
dishes at or near confluence in DMEM (high glucose) with 
10% fetal bovine serum and incubated at 37° C, 5% C0 2 
under standard culturing conditions. Cells were plated to be 
screened at a density of 5x10 s cells/well. The neoplastic cell 

65 lines tested were: SAOS-2 (ATCC HTB85), derived from a 
human primary osteogenic sarcoma; U-20S (ATCC 
HTB96), derived from a human osteogenic sarcoma; 
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HS700T, (ATCC HTB147), derived from a human meta- 
static adenocarcinoma originating in the pancreas or intes- 
tines; 293 (ATCC CRL1573), transformed human embryo- 
nal kidney; and DLD-1 (ATCC CCL221), derived from a 
human colon adenocarcinoma. Each of the cell lines is 
available from American Type Culture Collection, 
Rockville, Md. The control non-neoplastic cells were 
IMR90 (ATCC CCL 186) and WI-38 (ATCC CCL 75), both 
diploid human lung fibroblast lines. 

These cell cultures were subsequently infected, in 
parallel, with wild-type adenovirus Type 2, and replication- 
deficient recombinant adenovirus mutants dl 11010, dl 434, 
and dl 1520. An extra culture dish was plated for the purpose 
of counting cells. These cells came from the same suspen- 
sion of cells used for the viral infections. Cells were counted 
in order to determine the number of viral plaque-forming 
units (PFU) to add to the cell cultures for a desired multi- 
plicity of infection (MOI). The wild-type adenovirus Type 2 
and the mutant adenoviruses were added to the parallel cell 
cultures at MOIs of 0.1, 1.0, 10, and 100. Virus suspended 
in PBS was added to the cell wells in a volume of 1 ml. The 
inoculated culture dishes were rocked in both the X- and Y- 
axes immediately after inoculation and halfway through the 
adsorption time of approximately one hour at 37° C, 5% 
C0 2 . After the one hour adsorption period, 2 ml of DMEM 
with high glucose and 2% fetal bovine serum was added, and 
the cultures incubated at 37° C, 5% C0 2 under standard 
culturing conditions. 

At various times after infection, see, FIGS. 2{a-i), cell 
cultures were stained with 0.5% crystal violet in 20% 
methanol in order to determine the efficacy of cell killing by 
the virus preparations. Dead cells were detached and rinsed 
out of the wells, whereas living cells remained in the well 
and were stained with the dye. The results demonstrate that 
the replication-deficient recombinant adenovirus prepara- 
tions were able to preferentially kill neoplastic cells as 
compared to non-neoplastic cells, and that wild-type aden- 
ovirus Type 2 killed both neoplastic and non-neoplastic cells 
approximately equally well. The results demonstrate that the 
dl 11010 mutant was particularly effective at killing neo- 
plastic cells, with the dl 1520 mutant and the dl 434 mutant 
also being effective. An example of the results is shown in 
FIGS. 2a-/, which are photographs of the stained cell wells 
obtained at various times after infection with wild-type 
adenovirus 2, the mutants: dl 1010 (ElA<->), dll520 (E1B 
M ), or dl 434. FIG. 2a shows that in the absence of virus, 
each of the cell cultures had grown to confluence and were 
attached to the culture wells. FIGS. 2b-c shows that wild- 
type adenovirus 2 was able to kill cells in each of the culture 
wells, although with variable efficacy and incompletely, with 
at least some cells staining in each well. Note that WI-38 and 
SAOS-2 lines are not good hosts for adenovirus infection 
and that IMR90 (FIGS. 3a-c) serves as an alternate control 
cell line for human diploid fibroblasts. FIGS. 2d-e shows 
that the dl 1010 mutant was able to kill effectively all of the 
neoplastic cell lines except the infection-resistant SAOS-2. 
dl 1010 Mlled the 293, U20S, HS700T, and DLD-1 lines by 
12 days after infection and did not substantially kill diploid 
human lung fibroblasts (WI-38). FIGS. 2f-g shows that the 
dl 1520 mutant was able to kill effectively 3 of the 5 
neoplastic cell lines (293, HS700T, and DLD-1) by 14-20 
days after infection and did not substantially kill diploid 
human lung fibroblasts (WI-38). dl 1520 is an E1B W 
mutant, and cell line U20S does not allow such an E1B <_) 
mutant virus to replicate, indicating specificity of the dif- 
ferent transformed cell lines for infection by the mutant 
recombination-defective adenoviruses, as predicted. FIGS. 
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2h-i shows that the dl 434 mutant (a double-mutant: E1A 
<_) E1B M) was able to kill effectively 3 of the 5 neoplastic 
cell lines (293, HS700T, and DLD-1) by 14-20 days after 
infection and did not substantially kill diploid human lung 

5 fibroblasts (WI-38). The DLD-1 and U20S lines displayed 
a partially resistant phenotype for replication of dl 434. 

FIGS. 3(a-c) show that IMR90 human diploid lung 
fibroblasts were killed differentially by wild-type Ad2. dl 
1010, and dl 1520. The 293 cell line serves as a positive 

10 control. FIG. 3(a) shows that wild-type Ad2 killed the 
IMR90 cells effectively at an MOI of 10 or 100. FIG. 3(i>) 
shows that dl 1010 was unable to replicate in IMR90 cells 
at the highest MOI tested, even though dl 1010 killed 
neoplastic cell lines 293, U20S, HS700T, and DLD-1 as 

15 shown in FIGS. 2(d-e). FIG. 3(c) shows that dl 1520 virus 
was able to kill IMR90 cells effectively only at an MOI of 
100; at this high dosage of virus the possibility that the cells 
die as a result of virus overload rather than replication 
cannot be ruled out. 

2 0 Thus, the data shown in FIGS. 2(a-i) and 3(a-c) indicate 
that replication-deficient recombinant adenovirus mutants 
can be used to selectively kill neoplastic cells lacking p53 
and/or Rb function, as predicted. 

Although the present invention has been described in 

25 some detail by way of illustration for purposes of clarity of 
understanding, it will be apparent that certain changes and 
modifications may be practiced within the scope of the 

I claim: 

30 1. A method for ablating neoplastic cells in a cell 
population, comprising the steps of: 

contacting under infective conditions (1) a recombinant 
replication deficient adenovirus lacking an expressed 
viral oncoprotein capable of binding a functional p53 

35 tumor suppressor gene product, with (2) a cell popu- 
lation comprising non-neoplastic cells containing said 
functional p53 tumor suppressor gene product which 
forms a bound complex with a viral oncoprotein and 
neoplastic cells lacking said functional p53 tumor sup- 

40 pressor gene product, thereby generating an infected 
cell population. 

2. A method according to claim 1, wherein the viral 
oncoprotein is an adenovirus Elb polypeptide. 

3. A method according to claim 1. wherein the neoplastic 
45 cells are pSS^RB". 

4. A method according to claim 3, wherein the recombi- 
nant replication deficient adenovirus does not encode an Ela 
polypeptide capable of binding RB and also does not encode 
an Elb p55 polypeptide capable of binding p53. 

50 5. A method according to claim 1, wherein the recombi- 
nant replication deficient adenovirus is selected from the 
group consisting of: Ad5 dl434 and Ad2 dll520. 

6. A method according to claim 5, wherein the recombi- 
nant replication deficient adenovirus is Ad5 dl434. 

55 7. A method according to claim 5, wherein the recombi- 
nant replication deficient adenovirus is Ad2 dll520. 

8. A method according to claim 1, wherein said cell 
population comprising neoplastic cells and non-neoplastic 
cells is present in a mammal and said contacting step is 

60 performed in vivo by administering the recombinant repli- 
cation deficient adenovirus to a mammal. 

9. A method according to claim 8, wherein the mammal is 
a human. 

10. A method according to claim 1, wherein the recom- 
65 binant replication deficient adenovirus can be replicated to 

form infectious virions in a neoplastic cell lacking p53 
function, or lacking both p53 function and RB function. 
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11. A method according to claim 10, wherein the infec- 
tious virions formed in the neoplastic cell are able to spread 
and infect adjacent cells in vivo in a patient. 

12. A method according to claim 1, wherein the recom- 
binant replication deficient adenovirus is nonreplicable for 5 
forming infectious virions in non-neoplastic cells of a 
human patient. 

13. A method according to claim 1, wherein the recom- 
binant replication deficient adenovirus is an Ela/Elb double 
mutant. 10 

14. A method according to claim 1, wherein the recom- 
binant replication deficient adenovirus is an Elb mutant. 

15. A method for treating a neoplastic condition in a 
human, comprising administering a composition comprising 

a therapeutically effective dosage of recombinant replication 15 
deficient adenovirus to a human patient having a neoplasm 
comprising neoplastic cells lacking a functional p53 tumor 
suppressor gene product 

16. A method according to claim 15, wherein the tumor 
suppressor gene product is p53 and the composition com- 20 
prises a recombinant replication deficient adenovirus that is 

a Elb-p53 M replication deficient adenovirus. 

17. A method according to claim 16, wherein the com- 
position comprises a recombinant replication deficient aden- 
ovirus that is an Ela/Elb double mutant replication deficient 25 
adenovirus. 

18. A method according to claim 15, wherein the com- 
position comprises a recombinant replication deficient aden- 
ovirus selected from the group consisting of Elb-p53(-) 
replication deficient adenovirus and Ela/Elb double mutant 30 
replication deficient adenovirus, and further comprising a 
negative selection gene operably linked to a viral promoter. 

19. A method according to claim 18, wherein the virus is 
selected from the group consisting of Ad5 dl434 and Ad2 
dll520. 35 

20. A method according to claim 19, wherein the recom- 
binant replication deficient adenovirus is Ad5 dl434. 
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21. A method according to claim 19, wherein the recom- 
binant replication deficient adenovirus is Ad2 dll520. 

22. A method for treating a neoplastic condition with a 
replication deficient virus comprising administering to a 
patient with a neoplasm an effective dose of a recombinant 
replication deficient adenovirus or papillomavirus whose 
replication defective phenotype depends on the presence of 
a p53 tumor suppressor gene product. 

23. A method according to claim 22, wherein the virus is 
a human papillomavirus comprising a mutation in an E6 



24. A method according to claim 22, wherein the virus is 
adenovirus. 

25. A method according to claim 24, wherein the aden- 
ovirus lacks an Elb polypeptide capable of binding a 
functional p53 tumor suppressor gene product. 

26. A method according to claim 24, wherein the recom- 
binant replication deficient adenovirus is selected from the 
group consisting of: Ad5 dl434 and Ad2 dll520. 

27. A method according to claim 26, wherein the recom- 
binant replication deficient adenovirus is Ad5 dl434. 

28. A method according to claim 26, wherein the recom- 
binant replication deficient adenovirus is Ad2 dll520. 

29. A method for ablating neoplastic cells in a cell 
population, comprising the steps of: 

contacting under infective conditions (1) a recombinant 
repletion deficient adenovirus or papillomavirus whose 
replication defective phenotype depends on the pres- 
ence of a functional p53 host tumor suppressor gene 
product, with (2) a cell population comprising non- 
neoplastic cells containing said functional tumor sup- 
pressor gene product which forms a bound complex 
with a viral oncoprotein and neoplastic cells lacking 
said functional tumor suppressor gene product, thereby 
generating an infected cell population. 
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Phase 1 1 Trial of Intratumoral Administration of ONYX- 
015, a Rep I i cat ion -Selective Adenovirus, in Patients With 
Refractory Head and Neck Cancer 



By J. Nemunaitis, F. Khuri, I. Ganly, J. Arseneau, M. Posner, E. Voices, J. Kuhn, T. McCarty, S. Landers, A. Blackburn, 
L. Romel, B. Randlev, S. Kaye, and D. Kirn 



Purpose : To determine the safety, humoral immune 
response replication, and activity of multiple intratu- 
moral injections of ONYX-015 (replication selective ad- 
enovirus) in patients with recurrent squamous cell car- 
cinoma of the head and neck (SCCHN). 

Patients and Methods : This phase II trial enrolled 
patients with SCCHN who had recurrence/ relapse after 
prior conventional treatment. Patients received ONYX- 
015 at a dose of 2 x 10" particles via intratumoral 
injection for either 5 consecutive days (standard) or 
twice daily for 2 consecutive weeks (hyperfroctionated) 
during a 21 -day cycle. Patients were monitored for 
tumor response, toxicity, and antibody formation. 

Results : Forty patients (30 standard and 10 hyper- 
fractionated) received 533 injections of ONYX-015. 
Standard treatment resulted in 1 4% partial to complete 
regression, 41% stable disease, and 45% progressive 
disease rates. Hyperfroctionated treatment resulted in 



1 0% complete response, 62% stable disease, and 29% 
progressive disease rates. Treatment-related toxicity 
included mild to moderate fever (67% overall) and 
injection site pain (47% on the standard regimen, 80% 
on the hyperfroctionated regimen). Detectable circulat- 
ing ONYX-015 genome suggestive of intratumoral rep- 
lication was identified in 41% of tested patients on days 
5 and 6 of cycle 1 ; 9% of patients had evidence of viral 
replication 1 0 days after injection during cycle 1 , and 
no patients had evidence of replication > 22 days 
after injection. 

Conclusion: ONYX-015 can be safely administered 
via intratumoral injection to patients with recurrent/ 
refractory SCCHN. ONYX-Ois'viremia is transient. Evi- 
dence of modest antitu moral octivit) 

J Clin Oncol 19:289-298. c 2001 by American 
Society of Clinical Oncology. 



TPTF PROGNOSIS FOR recurrent squamous cell carci- expression oi 

noma oi" the head and neck (SCCHN) region is p53 gene prod 

discouraging 1-2 Local tumor progression leads to morbidity adenovirus th< 

and even death in the majority of patients Thereibre, improved 55-kd DNA ti 

local and local- regional therapeutic approaches are needed tivates p53 in 

Treatment alter failure oi' surgery and radiation therapy gen- esized that dt 

erally involves chemotherapy 1,_ Approximately 30" c to 40" c p53 protein to 

oi' patients with recurrent head and neck cancer respond to replication in c 

combination chemotherapy, which generally includes cisplatin. that lack norrr 

The duration oi' response is short, and median survival is less p lB-55-kd ge 

than 6 months. 1-9 Furthermore, local expansion of disease should be susc 

during or alter chemotherapy leads to devastating functional. Initial repo 

economic, cosmetic, and psychologic effects to the patient could be lvse< 
Because recurrence frequently occurs within a prior radiation 
field, further radiotherapy is not an option, and palliative 
surgery is generally associated with excess morbidity and 

additional cost, while not affecting survival Second-line die- r "«" I'S On 

mo therapy with other agents, such as paclitaxel, docetaxel, ,uy L "' L [ ^' 

methotrexate, topotecau, or gemcitabine (alone or in combiua- j bum ~y Y p j( 
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ONYX-015 (dll520) is a replication-selective adenovi- ' o 2001 by A,< 

rus. 34 Efficient adenovirus replication is dependent on the 0732-183X/01 
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vitro and in vivo after exposure to ONYX-015 J4 ' J0 In 
addition, several tumor lines containing a normal wild-type 
p53 gene sequence were also found to be sensitive to the 
oncolytic activity of ONYX-015. J9 ~ 41 This finding is ex- 
pected, since p53 function can be lost through multiple 
mechanisms besides gene mutation (eg, p53 protein hmdnm 
degradation). Importantly, most groups found significantly 
less implicative capacity of ONYX-015 in weak normal cells 
compared with malignant cells, J9 ' 41 ' 42 which suggests a possi- 
ble therapeutic index to ONYX-015 in the treatment of cancer 
Phase I investigation identified the toxicity of intra tu- 
moral injection of ONYX-015 to be limited to transient 
low-grade fever and injection site pain in one third of 
patients (S Kaye. manuscript in preparation) Viral doses up 
to I \ 10" plaque-lot ming units (pfu) given daily once 
eveiy 3 weeks, or I \ 10 10 pfu for 5 consecutive days every 
3 weeks, were well-tolerated No dose-limiting toxicity or 
maximum-tolerated dose was identified Dose escalation, 
therefore, proceeded to the highest dose that could be 
practically manufactured Additionally, multiday dosing 
with each dose administered to separate tumor quadrants 
seemed to be associated with a more effective induction of 
tumor necrosis over single-day dosing Thus, we initiated a 
phase II investigation with ONYX-015 to be administered 
by lutratumoral injection with multiple doses per cycles to 
patients with recurrent or refractory SC C HN 

PATIENTS AND METHODS 

Enrollment Criteria 

Patients were required to have histologically confirmed SCCHN 
(excluding nasopharyngeal) that had (1) recurred/relapsed after surgery 
and/or radiotherapy for the primary tumor and (2) had progressed on or 
within 8 weeks after completion of chemotherapy and/or radiotherapy 
(ie, tumors were refractory). Tumors could not be surgically curable. 
The tumor mass to be treated with ONYX-015 had to be adequately 
injectable (as defined below) and measurable (radiographically or by 
physical examination). Patients had to be older than 18 years old and 
had to have a Karnofsky performance status score of > 70 and life 
expectancy of > 3 months. Normal hematologic function and renal 




Baseline Assessment 

Baseline assessments were made before treatment. Baseline p53 
gene sequencing and immunohistochemistry were performed on par- 
affin-embedded or frozen I — 70"C I tumor material used for diagnosis of 
formed that 

included complete blood counts, CD"!, CD4, and CD8 lymphocyte 
counts, electiolytes, blood uiea nitiogen, cieatinine, and liver function 
tests In addition, baseline neutralizing antibody titeis to ONYX-015 
were determined (most adults have neutralizing antibodies to the 
fX-015). In 
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Fig 1. Schematic of (he ONYX-015 detection omplicon. Nucleotides 
2.453 to 2.544 of ONYX-015 are shown (5' stand only). This is the 
omplicon amplified in die TaqMan assay. The capital letters represent the 
sequence of the Pub-derwed insert in construction of this virus. The under- 
lined regions correspond to the 5' primer, the TaqMan probe, and the 3' 
primer. The probe and the 3' primer are homologous to the 3' stand. 



addition, flow cytometry was performed to determine circulating levels 
:D3, CD4, and CDS cells at baseline. 

ONYX-015 

ilso known as CI- 1042) is a chimeric human 
gioup C adenoviius f Ad2 md \di> tint does not expiess the T>-kd 
pioduct of the FIB gene (Pfrei Int \nn \iboi MI ind Onyx 
Phaimaceuticals, Richmond, CA) * 7 It contains a deletion between 
nucleotides 2,4<* and 1,121 m the FIB legion encoding the 55-kd 
piotein In addition, a C-to-T transition at position 2,022 in E1B 
geneiates a stop codon at the third codon position of the piotein These 
alteiations eliminate expression of the ElB-55-kd gene in < >NYX-0 1 s- 
intected cells. < >NYX-015 was giown and titered on the human 
embiyoiuc kidney cell line HEK293. 

DetCL tion of ONYX-015 Adenovirus 

The TaqMan assay is designed to amplify an amplicon of 92 nts (nts 
specific for ONYX-015 (Fig 1). The specific 
is due to two factors: the amplicon overlaps 
the E1B region deletion (911 nts are missing from the wild-type 
i pair Puc -derived linker insert is part of the 
er limit of quantitation for the assay is 4.2 X 
■015 per mL of plasma. The lower limit of 
detection is 1.05 X 10 4 particles of ONYX-015 per mL of plasma. This 
fX-015 DNA and does not detect wild-type 
quences. Polymerase chain reaction (PGR) cycling con- 
dition lie follows: hold at —SOT, 2 minutes, hold at -95°C, 10 
•cles at -95°C, 15 seconds; and -63°C. The presence of 
PCR inhibitors in the sample is monitored using an independent 
PGR reaction. 

3les are spiked with exogenous DNA to monitor recovery 
m the exinction step and the presence of PCR inhibitors A standaid 

red by serial diluting ONYX-015 virus from 2 X 10" to 
1.05 a 111 1 vp mT Negatee contiols consist ot a plasma contiol 

md a type D adenovirus wild-type control. Viral DNA is 

. patient samples, standard, and controls using a QIAamp 
DN \ mini Lit (Valencia, CA). The amount of ONYX-015 viral DNA 
is then quantitated by reverse transcription PCR using the above- 
desuihed specific pinnei and piobe. 

t )Nl \ 01 Handling and Pro, tssm- 

ONYX-015 is formulated as a sterile viral solution in Tris buffer 
(Tris 10 mmol/L [pH 7.4], MgCl 2 1 mmol/L, CaCl 150 mmol/L, and 
lu/o glycerol;, ine soiuuon is suppiieo irozeii (_ zu tj in singie-use, 
plastic screw-cap vials. Each vial contains 0.5 mL of virus solution at 
a specified viral titer. Vialed virus solution was thawed and diluted to 
the appropriate titer for dosing and was then further diluted to a final 
volume equnalent to lu% ot the volume of the tumor to be iti]ected 
All 1 (Baxter D5W electrolyte no. 45). 

Tumor volume was estimated by taking the product of the maximal 
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tumor diameter, its petpendicular and estimated depth, and dividing by every 8 weeks 
2. Vials of ONI 

injection in biologic safety cabinets at the patient treatment area. who were not i 

All waste items weie disposed m biohazatd containeis and autoclaved The degiee • 



Treatment Regimen 
To ensure uniform dos 



o the it 



:cted ti 



and/or largest 



administered 
5-gauge needle). This 



aiphery and 



i,n,'.,-..>ir.i,'. nr «/n* mwn •».'• me itic 

iunor mass was injected with < 'NYX-015. The tumor 

o five equally spaced and eqi ections. Local 

is applied to the skin as needed. The tumor was injected 
once a day fstandaid schedule) 01 twice a day f hyperftactionated 
schedule) with 10'° pirticles into exh ot the h\e quidnnts The 
suspension volume of D5W saline used for ONYX-015 administiation 
was normalized to 30% of the estimated volume of the tumor mass to 

the skin was made at a siti f the distance from the 

tumor center out to the turn ight needle tracts were 

made radially out from the punctut 
equally along the length of the needl 
approach was carried out each day 
equally spaced out and encompasse 
majority of the viral dose v 
at the interface between nc w tissue. 

In the initial phase ot the study, tumor m) ections were performed 
once daily for 5 consecutive days (sta 
were repeated every 3 \ 

documentation of safety with this regimen (n = Uh i mote iggiessi\e 
injection legimen was tested in a subsequent 10 pitient* hv idmitus- 
tering a four-fold 

twice daily for 5 days during each of the first 2 weeks on study 
(hyperfractionated schedule). After a ] 

t taken 15 

minutes before and after each treatme 

Patients were eligible for repeat treatment cvcles it the sitne dosige 

ONYX-015 occulted and no ptogtession of the in]ected tutnot was 

were given by the same schedule as was used in the initial patient 
cohort (every 3 weeks as described above). The injections were given 
in outpatient clinics, including Maty Ctowley Medical Reseated Centet 
at B iv lot Utmetsitv Medic il ( enter (Dallas, TXj, Albany Regional 
Cancer Center (Albany, NY), US Oncology Research (Houston, TX), 
Beatson Oncology Centre (Glasgow, Scotland), Dana-Farber Cancer 
Institute (Boston, MA), University of Chicago (Chicago, IL), and M.D. 



25% dectease in nonnectotic tutnot atea; stable 

e area. Radiologists were blinded to the p53 gene 
.tibody titer of the patients at the time of tumor 
; considered assessable for response at earliest 

te after the first injection. All lesions ("injected/ 



p53 Gene Sequent ing Determination 

Exons 5 through 9 of the tumor p53 gene W' 
during the first two thirds of the trial. Exons 2 through 1 1 
by p53 gene chip technology during the final one third of 1 
certain gene deletions can be missed by gene chip analysis (i 
wild-type sequence is reported despite a funct 
tion), wild-type p53 gene sequences by gene 
confirmatory sequencing t 



Determination of Neutralizing Antiboa 

control samples were incubated at 55°C for 30 minutes 
to inactivate complement. Clinical plasma samples previously deter- 
mined to ptoduce high, mid-range, and negative titers wete designated 
trols. Each dilution was mixed with adenovirus stock at 
a i _ oduce 15 to 20 plaques per well of a 12-well 

I growth medium. The patient samples and controls were 
1 hour at room temperature and applied to 70% to 80% 
)3 cells in 12-well dishes. After 2 hours of incubation at 
37°C, 5%> C0 2 plasma-virus mix was removed and 2 mL of 1.5% 
IEM was added to each well. Plates were read on day 7 
m by counting the number of plaques per well. The titer 
antibody for each sample was reported as the dilution of 
duced the number of plaques to 60% of the number of 
plaques in the virus control without antibody. Determinations of 



Additional Folbm -Up i/fu Treatment Jnitiatio 

blood testing, including complete blood count and differe 
lytes, blood urea nitrogen, creatinine, and liver functi 
rept: ry 3 weeks. Blood samples to detettnit 



Treatment 

Fort}' patients were etitered onto the trial from six sites 
(Mary Crowley Medical Research C enter at Baylor Univer- 
sity, M.D. Anderson Cancer Center, Beatson Cancer Insti- 
tute, Albany Regional Cancer Center, Dana-Farber Cancer 
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Table 1 . Patient Demographics 







4YX 015 Standard Schedul 
Iqd X 5/ 2] -day cycle) 




ONYX0 


]5 H , 

«d xTo/^T-daTcycle 





No of Pat 






No ofPatier 






No. of patients registered 




30 






10 




Age, years 














Median 




58 






70 




r 

Sex 




39-74 






49-78 




Male 


23 




77 


8 




80 


Female 


7 




23 


2 




20 


KPS score 














90-100 


16 




54 


2 




20 


70-80 


14 




46 


8 




80 


Prior therapy 














Surgery 


21 




70 


7 




70 


Radiotherapy 


28 




93 


10 




100 


Chemotherapy 


19 




63 


6 




60 


- 2 modalities 


27 




90 


8 




80 


Location of recurrence* 














LUiyilA 


4 




13 


2 




20 


1 onaue 


2 




7 


0 




0 


Cervical area 


17 




57 


1 




10 


Other 


7 




23 


7 




70 


Tumor size, cm 














Maximum area 


















12.76 






10.99 




Range 




1 .56-38.50 






1.1-69 




Maximum diameter 














Median 




3.4 






3.85 


















Baseline neutralizing < 1 :20 


14 




47 


2 




22 


Antibody levels £ 1 :20 


16 




53 


7 




78 


Baseline CD4 counts 














Median 




334.22 






294 








79.24-1,318.05 






1 88-798 




















12 




40 






60 


Wild-type 


11 




37 


2 




20 


Undetermined 


7 




23 


2 




20 



Abbreviation: KPS. Karnofsky performance status. 

'Two patients had distant pulmonary metastases that were not injected. 



Institute, the University of Chicago) between July 1997 and 
September 1998. The first 30 patients were enrolled onto the 
standard ONYX-015 schedule trial, the 10 patients enrolled 
subsequently received the hyperiractionated regimen All 
patients registered received at least a single injection of 
ONYX-015 and were assessable lor toxicity Thirty-six 
patients were considered assessable lor initial response 
Two patients (one standard, one hypeifractionated) were not 
assessable due to death before response assessment (not 
treatment-related), and two patients (hyperiractionated ) 
withdrew before response assessment C haractenstics of 
patients receiving the standard versus hyperiractionated 
schedule are listed in Table I As listed in Table 2, ^0 cycles 



(345 doses) were administered to 30 patients who received 
standard-schedule ONYX-015, and 27 cycles (188 doses) 
were administered to 10 patients who received the hyper- 
iractionated schedule. 

Data ou the response of injected tumors is listed in Table 

3. Four patients (14%) who received the standard dosing 
schedule achieved a partial or complete regression of the 
injected tumor, 12 (41%) had stable disease, and 13 (45%) 
progressed. One (14%) of the hypeifractionated patients 
achieved a complete regression, four (58%) achieved stable 
disease, and two (2 l )%) progressed The median time to 
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Table 2. 


Treotr 








Schedule 


HyP xr at ed 

Schedule 


No. of cycles 

Median 




2 


2 


Total number 


of cycles 


70 


27 


No. of injecfi 




325 




No. of days s 
Median 


on study per patier 


35.5 


87.5 


Dilution volur 


ne, ml per patient 


13-175 


40-254 


Median 




6.05 


5.85 






0.1-53.1 


0.1-42.4 



injected tumor progression, progression-free survival, and 
survival with the standard versus hype ri'rac 1 10 na ted ap- 
proaches are listed in Table 3 No significant differences 
were observed between the two dosing regimens There was 

antibody level, and response A significant correlation was 
demonstrated between autitumoral activity (complete, par- 
tial, and minor responses ) and presence of a p>53 gene 
mutation (P = OP) 

Toxicity 

Toxicity that occurred in more than 25% of patients is 



listed in Tabb 


e 4 The majorit 


y of the toxic eifec 






Table 3. Response of Infected Lesions 








ONYX-015 


ONYX-015 






Standard Hy 


-perfractionated 


Compl< 




2 [7] 


1* 


Partial 




2 (7) 


0 


Minor 




2 (7) 


1 


Stable 




10(34) 


3 


Progre 




13(45) 




Not as 




It 


3t,t 


Media 


da 


ys: 




Responders (PR 


SO) 


59 


80 






21 


16.5 


Nonassessable 






5 


All 




22 


53 


Median survival^ 








Resp— J -- ,DD 


.CR^ 


125 


152 


Nc 




183 


58 


Non 




25 




All 




126 


75 



Abbreviations: PR. partial response; CR. complete 
respon 

'Complete histologic response at autopsy. 

tDeath not related to treatment occurred before turn. 

§Derived by the Kaplan-Meier product 



293 

mild or moderate intensity Fatal toxicity uot related to 
ONYX-015 occurred in three staudard-treatment patients 
(I0"c) a ud one hype rf rac 1 10 na 1 10 n- 1 rea ted patient (10%). 
One fatality was related to hematemesis from au unrelated 
gastrointestinal ulcer, one was due to hemorrhage from local 
progression, one was due to bacterial-induced septic shock, 
a lid one was due to auoxia caused by airway obstruction 

were reported in the staudard ami, and nine serious adverse 
events occurred in the hype rfractiona ted ami One serious 
adverse event was categorized as ""probably related" to 
study medication in the staudard ami (hemorrhage at injec- 
tion site) The following events were categorized as possibly 
related to ONYX-0 1 5 injection: pneumonia with no organ- 
isms identified (n = 1 ), confusion (although concurrent 
hypocalcemia may have been related, n = I ), and recurrent 
atrial flutter (u = I) The other 10 serious adverse events 
were either uot related or the relationships were uuable to be 
determined Amoug patieuts who received hyperfractiou- 
ated treatmeut, oue patieut developed uijectiou site hemor- 
rhage categorized as possibly related to ONYX-015 uijec- 
tiou Other eveuts were categorized as uot related or uuable 
to be determined Niue of 40 patieuts developed pueumoma 
uot related to study treatmeut (six staudard and three 
hyperfractiouated ) A specific cause of pueumoma was 
identified in three patients (two bacterial and one unrelated 
peptic ulcer perforation) The six other causes were thought 
to be related to aspiratiou associated with the caucer The 
pueumoma lasted from 6 to 13 days Six patieuts were 
retreated with ONYX-015 after resolution of pueumoma 
without recurrence Reasous for study discoutiuuatiou are 
listed in Table 5. 

Systemic Distribution of ONYX-015 

All 30 patieuts (2 l ) of 30 in cycle I ) in the staudard arm 
were tested for circulating ONYX-015 usiug PCR aualysis 
24 hours after the 5 -day ultra tumoral uijectiou series 
Previous studies have showu rapid clearauce of the ONYX- 
015 geuome from the blood (approximately t> hours); 
therefore, virem la — 24 hours after the last injection is 
stroug evideuce for viral replication and sheddiug Detect- 
able levels of ONYX-0 1 5 were identified in 12 (41%) of 29 
patieuts 24 hours after the last ONYX-015 uijectiou (Table 
6) Iu two patieuts (4%), the ONYX-015 geuome was 
detected 10 days after uijectiou iu cycle I No samples were 
positive for circulating ONYX-015 genome 22 days after 
auy uijectiou in cycle I or auy other cycle, and 15 days after 
auy uijectiou beyoud cycle I Six (2S%) of 21 patieuts had 
detectable circulating ONYX-015 geuome in cycle 2 24 
hours after ultra tumoral injection, and two of eight patieuts 
had detectable circulating ONYX-015 geuome 24 hours 
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Table 4. Toxicity Occurring in More Than 25% of Patients Possibly Related to Study Treatment 



Dyspne. 



Hypotension 
Hemorrhage 
Tachycardia 

Hyponafremic 
Sweating 



*ln the standard approach group, death that occurred in three patients was related to hematemasis. hemorrhage, and bacterial sepsis and was not related to 
study medication. Among the patients treated with the hyperfractionated schedule, death occurred in one patient due to bronchial obstruction induced by 



alter injection in cycle 3. The two patients who had 
detectable ONYX-015 genome in cycle 3 achieved a minor 
response and a complete response Otherwise no correlation 
between circulating genome and response was observed in 
patients with detectable genome in cycle 2 or patients with 
circulating genome in cycle I Patients entered onto the 
hyperfractionated treatment arm were not followed for 
; distribution of ONYX-015 eenome. 



Table 5. Reasons for Study Discontinuation 



Net y Titers 

Sixteen patients who received standard ONYX-015 and 

seven patients who received hype rfractiona ted ONYX-015 
were identified as having high (elevated > 1:20) neutraliz- 
ing antibody titers at baseline (Table 1 ent 



Table 6. PCR- Detectable ONYX-015 Genome in Circulation After 
Intratumoral Injection 



Disease progression at injected site 


10 


33 


1 H 


Disease progression at noninjecfed site 


10 


33 




Patient decision 




13 


1 H 


Unrelated medical condition(s) 


1 


3 


0 i 




1 


3 


2 2 


Death 9 


3 


10 


1 H 


Other 


1 


3 


1 H 



Symbols: 



th positive detectable genome; number 
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oi' standard-ami patients had antibody titers more than 1:20 
at baseline, and 23 (%%) of 24 patients measured after 
cycle I had antibody titers above 1:20. All patients in the 
standard ami had neutralizing antibody titers above 1:20 
alter cycle 2 The median antibody titers at baseline (n 
30) was 51 (range, 0 to 1,798). After cycle I (n = 24), the 
median titer was 1 1,8% (range, 0 to 81,920). After cycle 2 
(n = 14), the median titer was 12,363 (range, 225 to 
7 1, 4/3 j. similar mere were seen in the hyperfractionation- 
treated patients At baseline (n = 9), the median neutraliz- 
ing titer was 1,074 (range, 0 to 8,847) This uicreased to 
9,^33 (rauge, 2,165 to 62,700) after cycle 2 (u = 5) There 
was no correlation of baseline titer levels to tumor response, 

tion, or overall survival. 

DISCUSSION 

The results from these trials uidicate that ultra tumoral 
injection of the rep I ica 1 10 n- se lec t ive adenovirus ONYX-015 
at a dose of I \ 10 10 pill daily for 5 days of a 2 I -day cycle 
was well tolerated Trausient low-grade fever and injection 
site pa i u were the most frequent toxicities These were 
mauageable on an outpatient basis Autitumor activity (as 
measured by — 50" r tumor destruction) was observed in 
approximately 14" c of patients and did uot seem different 
between the standard and hype rf rac 1 1011a t ion arms Survival 
was also not different between the two amis, however, 
injection site paiu occurred more frequently on the hyper- 
fractionated regimen Future proof of clinical benefit will be 
necessary to determiue clinical utility These data suggest 
that ONYX-015 has a favorable safety profile and modest 
efficacy in recurrent head and neck caucer as a single agent 
Future testiug in this patient population has, therefore, 
focused on combinations with staudard agents, such as 
cisplatm-based chemotherapy. 43 

Replication-competent viruses have been tested as thera- 
peutic agents for more thau 100 years Smallpox was 
eradicated with a replicatiug virus vaccine 44 ' 4 ~" Fxploration 
of the use of replicatiug viruses for the treatment of caucer 
was documented as early as l l H2 wheu a womau with 
advauced cervical caucer achieved a respouse after uijectiou 
with au attenuated rabies virus 4 "' 4 " In l l )50, the oucolytic 
activity of Fgypt 10 1 virus was validated in vitro, 41 " aud 
cluneal activity was suggested after ultra tumoral uijectiou 
ui caucer patients 4 ' 1 "" 1 However, the autitumoral effects 
were trausieut ( - 3 mouths) Subsequent cluneal investiga- 
tion with mumps virus as a caucer therapy was reportedly 
associated with a 4 1'V "'response" rate in W treated pa- 
tients " However, a follow-up tnaf J uivolviug 200 caucer 

multiple ultra tumoral uijectiou schedule revealed trausieut 



tumor regression in ouly 26 patieuts Toxicity was limited to 
trausieut fever aud uijectiou site paiu Auother oucolytic 
virus, Newcastle disease virus (NDV),~ 4 ~'"~ showed selective 
replicative capacity in maliguaut cells The mechauism of 
NDV selectivity may be related to elevated win oucogeue 
expression or differences in membra ue permeability, as 
opposed to the FlB-55-kd deletiou effect on p53 with 
ONYX-015 ~ > ~"° Additionally, cousisteut with what we 
observed with ONYX-015, tumor response was correlated 
with viral rep I ica 1 10 u- 1 uduc ed oucolysis. 57 NDV was used 
to lyse tumor cells in vitro for the purpose of creating a viral 
oucolysate (virus aud lysed tumor cells) Several trials in 
melauoma patieuts with limited-stage disease uudergoiug 
surgical resectiou followed by vacciuatiou with the NDV 
viral oucolysate suggested improved survival compared 
with historical coutrols (,1 ~" 4 Similar results have beeu fouud 
ui separate trials uivolviug patieuts with colorectal carcino- 
ma,"' advauced reual cell carcinoma,** metastatic breast 
caucer, aud ovariau caucer ""' Influenza virus aud vaccuna 
virus have also beeu studied as a viral oucolysate for tumor 
vaccuie trials More receutly, a variety of replicatiou- 
selective viruses have beeu either eugiueered for replication 
selectiou (iiicludiug humau adenovirus, herpes virus, aud 
vaccuna virus f 1 or showu to be replicatiou-selective based 
ou specific geuetic tumor target (le, activated ras for 
retrovirus ) ~' 2 ~~"' Replication-selective, tumor-targeting bac- 
teria such as Salmonella tvpliimwium have also showu 
encouraging preclinical activity. 

A great deal of data have beeu accumulated suggesting 
that adenovirus serotype 5 is au effective oucolytic virus 
with a low toxic it}' profile to humaus DNA from thousauds 
of humau tumors have beeu aualyzed for the preseuce of 
adenovirus DNA, aud no integrated viral DNA has beeu 
isolated from auy humau tumor ^~ Fight}' perceut of adults 
have existiug autibodies to adenovirus serotype 5, but less 
thau I5"c of exposed patieuts become cluncally symptom- 
atic ,J The most commou symptoms of au adenoviral 
serotype 5 uifectiou are flu-like in uature aud uiclude cough, 
gastroeutentis, coujuuctivitis, aud, rarely, pueumoma How- 
ever, these symptoms are rarely seeu eveu in immunocom- 
promised patieuts ^ 4 Oral adenoviral vacciues were giveu to 
thousauds of military recruits in the l%0s without adverse 
effects or uicrease in caucer " Loug- aud short-term safety 
of ultra tumoral adenoviral uijectiou has beeu showu in 
several ammal caucer models;'"" aud live adenovirus 
uiocula were giveu uitratumorally aud uitra-arterially to 
patieuts with cervical care mom a at the Natioual Caucer 
Iustitute ui the l l )50s M Agaiu, no siguificaut toxicities, 
other thau trausieut fever aud malaise, were observed, eveu 
ui subsets of patieuts treated with corticosteroids aud in 
those ui whom ueutraliziug adenovirus autibodies were uot 
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present Intravascular administration was also well tolerated 
in a small group of patients 1-3 Adenoviral vectors with the 
El and F3 deletion containing the Em he iJm uili cytosme 
deaminase gene have also been administered via intrader- 
mal injection to normal individuals in studies of toxicity and 
immune response at dose levels of 10", ICT, and I0 b pfu " 4 
No significant toxicity was observed 1-4 This was consistent 
with clinical trial results in the same patient population of 
head and neck cancer patients described in this trial who 
received a uoiireplicatiug adenoviral vector containing a 
wild-type p53 gene. 1 "^' 

Given the safely and toxicity profile of ONYX-015, it 
seems reasonable to explore this virus in patients with 
earlier-stage disease*" ~' L and possibly even to enhance 
sensitivity when combined with chemotherapy or radiation 
therapy J0 Independent of the ONYX-015 replication-in- 
duced oncolysis, ONYX-015 FN gene expression can 
activate the cell cycle and increase cellular sensitivity to 
chemotherapy or radiation therapy. 

Use of ONYX-015 for local management oi'SCCHN and 
as adjuvant therapy after surgical resection of SC C HN and, 
possibly, other malignant tumors should also be considered 
but will require further investigation Comparison of sur- 
vival between responding and nonres ponding patients will 
also need to be followed in the future, although differences 
observed in this trial were not significant Pursuit of other 
schedules of intra tumoral administration (le, ~ 5 days/2 I - 



day course) are unlikely to be of value, although justifica- 
tion of a systemic infusion schedule for ONYX-015 maybe 
warranted since it has been shown to be safe and efficacious 
in ammal caucer models J0 Detection of ONYX-015 ge- 
nome in plasma on the last day of ONYX-015 injection 
suggests that circulating virus, at low plasma concentration, 
is safe Furthermore, persistent detection in two patients 10 
days after the last injection suggests that a viral replicative 
process was ongoing, although it did not persist since none 
of the samples tested showed evidence of circulating viral 
genome more thau P days after the last injection. 

Future work with ONYX-015 and other replication- 
selective viruses will also explore the possibility of armiug 
these viruses with exogenous genes, particularly if selective 
tumor replication is confirmed Autitumor effects correlat- 
ing with enhauced cytotoxic T- lymphocyte activity have 
been noted ui vivo with rep I ica 1 10 n- se lec t ive herpes simplex 
virus (G20") carrying an iiiterleukiu 12 gene," 1 for example 
Over the next year, a uumber of these replication-selective 
agents are expected to enter clinical testing. 
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Application/Control Number: 1 1/685,483 Page 21 

Art Unit: 1645 

26, first paragraph]. Moreover, Roberts et al. disclose that their methods could be used to treat 
melanomas (see page 30, last paragraph). 

Roberts et al. differ from instant invention in that they do not disclose the use of cells (i.e. 
producer cells) for the delivery of the oncolytic virus. 

Coukos et al. disclose the use of producer cells for the delivery of oncolytic HSV-1 to 
tumor cells (see abstract). Moreover, Coukos et al. disclose that the use of producer cells may 
have many advantages over direct injection methods. Said advantages include: 1) amplification 
of viral load; 2) delivery of a virus within a producer cell may enable the virus to elude the 
subjects immune system; 3) use of producer cells with a binding affinity for the tumor cells 
would increase the localization of virus delivery; and 4) a vaccine antitumor response in selective 
patients might be generated (see page 1536). 

Consequently, it would have been obvious to one of skill in the art to use producer cells, as 
disclosed by Coukos et al, in the method of melanoma tumor cell treatment disclosed by Roberts 
et al. One would have been motivated to due so in order to receive the benefits associated with 
the use of producer cells, as disclosed by Coukos et al. and cited above. One of ordinary skill in 
the art would necessarily have a reasonable expectation of success since both methods utilize 
oncolytic viruses to treat tumor cells. Moreover, given the success of using carrier cells to deliver 
oncolytic HAV-1, it would have been obvious for the skilled artisan to try and adapt said system 
to other oncolytic virus (e.g. VSV) types. Finally, given that the use of VSV as a cancer 
treatment is well known in the art yielding predictable results, it is obvious for the skilled artisan 
to use the VSV of Roberts et al. (see KSR International Co. v. Teleflex Inc., No. 04-1350 [U.S. 
Apr. 30, 2007]). 
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Stress-induced increase of hexose transport as a novel index of 
cytopathic effects in virus-infected cells: role of the L protein in 
the action of vesicular stomatitis virus. 

Pasternak CA . Wbitaker-Dowling PA . Widnell CC . 

Department of Biochemistry, St. George's Hospital Medical School, 
London, United Kingdom. 

The VSV-specific increase in hexose transport by BHK cells has been 
measured by assay of the [3H]dGlc/[14C]AIB uptake ratio. The effect was 
abolished by uv-irradiation of the virus, indicating that viral gene expression 
is required. Cells infected with the T1026 Rl mutant of VSV, which causes 
only slight cytopathic changes, exhibited only a slight increase in hexose 
uptake. Cells infected with temperature-sensitive (ts) mutants of VSV that 
are defective in the function of the viral N, NS, G, or M proteins at the 
restrictive temperature (39.5 degrees) exhibited increased [3H]dGLC/[14C] 
AIB uptake ratios typical of wild-type virus at either restrictive (39.5 
degrees) or permissive temperature (34 degrees). Cells infected with a 
mutant defective in the function of the viral L protein exhibited an increased 
[3H]dGlc/[14C]AIB uptake ratio at permissive temperature (34 degrees) 
only; at restrictive temperature (39.5 degrees) the uptake ratio was 
essentially the same as that of mock-infected cells. Temperature-shift 
experiments indicated that the effect on hexose transport persisted for at 
least 6 hr in cells which no longer expressed function L protein, and that 
when expression of L was restricted to the first 2 hr of infection, an almost 
complete stimulation of hexose transport was observed 4 hr later. These 
results indicate that expression of the L gene is a necessary factor for 
inducing an increased hexose uptake in VSV-infected BHK cells. They also 
suggest that the action of the L protein on hexose transport is indirect, and is 
presumably mediated by other cellular constituents. The studies support the 
concept that an increased dGlc uptake may be a useful index of the 
cytopathic consequences of virus infection. 
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstra... 7/11/2005 



Phase I Trial of Intravenous Administration of PV701, an 
Oncolytic Virus, in Patients With Advanced Solid Cancers 



By Andrew L. Pecora, Naiyer Rizvi, Gary I. Cohen, Neal J. Meropol, Daniel Sterman, John L. Marshall, Stuart Goldberg, 
Peter Gross, James D. O'Neil, William 5. Groene, M. Scot Roberts, Harvey Rabin, Michael K. Bamat. and Robert M. Lorence 



Purpose : PY701, a replication -competent strain of 
Newcastle disease virus, causes regression of tumor 
xenografts after intravenous administration. This 
phase I study was designed to define the maximum- 
tolerated dose (MTD) and safety of single and multiple 
intravenous doses of PV701 as a single agent in pa- 
tients with cancer. 

Patients and Methods : Seventy-nine patients with 
advanced solid cancers that were unresponsive to stan- 
dard therapy were enrolled. Four PV701 intravenous 
dosing regimens were evaluated: (1) single dose: one 
dose every 28 days: (2) repeat dose: three doses in 1 
week every 28 days: (3) desensitizing: one lower dose 
followed by two higher doses in 1 week every 28 days: 
and (4) two week: one lower dose followed by five 
higher doses over 2 weeks every 21 days. 

Results : A 100-fold dose intensification was 
achieved over 1 95 cycles. A first-dose MTD of 12 x 10' 
plaque-forming units (PFU)/m 2 was established for out- 

PV"0l*-~ IS A HIGHLY purified, replication-competent, 
naturally attenuated strain of Newcastle disease vi- 
ras, 3 ^ an avian paramyxovirus Newcastle disease virus 
strains, such as PV701, directly lyse diverse human cancer 
cells in vitro (oncolytic) while being significantly less toxic 
toward normal human cells M,v Moreover, the virus is 
capable of both stimulating T -cell-mediated specific antitu- 
mor immunity and inducing nonspecific activation of im- 
mune function, such as the induction of cytokines (eg, 
interferon) and activation of tumoricidal macrophages s ~ 10 
Newcastle disease virus is a rapidly replicating RNA 
virus with progeny virions first detectable in vitro within 3 
hours after infection After infecting a cancer cell, the virus 
rapidly spreads to neighboring tumor cells through the 
release of progeny virions and syncytia formation J ' u 
PV701 and certain other negative strand RNA viruses are 
selectively cytolytic for tumor cells as a result of defects in 
the interferon (IFN) signaling pathway that are common 
among diverse tumor types 1A1J Defects in this pathway are 
believed to confer a growth and survival advantage to tumor 
cells u - lb However, these tumor defects also disable the 
antiviral function of IFN and confer sensitivity of malignant 
cells to infection and replication of viruses such as PVTM 
Oncolytic Newcastle disease virus strains, including 
PV 7 0l, administered via intravenous, intraperitoneal, and 
intra tumoral routes, replicate selectively in human cancer 
cells implanted in a thymic mice, resulting in high rates of 



patient dosing. After an initial dose of 12 x 10' PFU/ 
m 2 , patients tolerated an MTD for subsequent doses of 
120 x 10' PFU/m 2 . The most common odverse events 
were flu-like symptoms that occurred principally after 
the first dose and were decreased in number and se- 
verity with each subsequent dose. Tumor site-specific 
odverse events and acute dosing reoctions were also 
observed but not cumulative toxicity. Objective re- 
sponses occurred at higher dose levels, and progres- 
sion-free survival ranged from 4 to 31 months. Tumor 
tissue from one patient was obtained after 1 1 months 
of therapy and showed evidence of PV701 particles 
budding from the tumor cell membrane by electron 
microscopy and a pronounced lymphopl as macytic infil- 
trate by histologic examination. 

Conclusion : PV701 warrants further study as a 
novel therapeutic agent for cancer patients. 

J Clin Oncol 20:2251-2266. © 2002 by American 
Society of Clinical Oncology. 

complete tumor regression and sparing of normal tis- 
sue J ~ M7 - 1S In vitro death for most tumor cell lines occurs at 
a PV701 amount -1,000-fold below the amount that ad- 
versely affects normal cells 1 Similarly, there is an - 1,000- 
fold difference in the intravenous dose resulting in 50" c 
tumor regression in athymic mice ( 2 • I0 h plaque- forming 
units [PFU]/mouse) and the median lethal dose ( -5 • 10°) 
in these mice J In these animals, clear dose and dose 
frequency effects are observed, providing the rationale for 
examining such effects in the clinical setting Objective 
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responses (complete response and partial response) increase 
i'rom -50" c to 100" c by raising the dose three-fold or 
increasing the number oi' doses given at the same dose level 
i'rom one to three doses J In addition, intravenous exposure 
to a lower first dose oi' PV?0 I (3 • 10 s PFU/mouse) results 
in a desensitiiation oi' the animal to toxicity i'rom subse- 
quent doses as evidenced by a 10-i'old increase in the 
maximum-tolerated dose (MID) i'or dose 2 (I0 ir PFU/ 
mouse) compared with dose I (10° PFU/mouse) The 
oncolytic ei'l'ect oi' PV 7 0 1 requires live replication- 
competent virus because UV-mactivated virus caused no 

Oncolytic activity associated with Newcastle disease 
virus was first observed by C assel and Garrett 1 ' 1 when an 
intra tumoral injection in a patient with cervical cancer 
resulted in tumor regression oi' the injected mass as well as 
a supraclavicular lymph node metastasis Subsequent clin- 
ical trials oi'Newcastle disease virus focused primarily on a 
vaccine approach using viral oncolysates that included low 
doses of viable virus iiifectiug autologous tumor cells S,JI -J1 

C haracteristics oi'Newcastle disease virus that are favor- 
able i'or humau trials uiclude the genetic stability of vaccine 
strains, the absence of genetic reconciliation, lack of a 
carrier state of uatu rally attenuated straius, aud the lack of 
autigemc drift J Humau-to-humau trausmissiou has uot beeu 
observed " The virus has been safely given to humans in 
tumor vaccuie studies, aud accidental exposure has beeu 
reported to cause only self-limiting conjunctivitis. J ^' b 

Other rep I ica 1 10 u-co mpe te ut viruses, iiicludiug adenovi- 
rus aud herpes simplex virus aloue or in combiuatiou with 
chemotherapy, have caused tumor regressions in humaus by 
the Ultra tumoral route Farly testing of both replicatiou- 
competeut aud rep I ica 1 10 u- 1 uco mpete lit adenoviruses by the 
iiitraveiious route has beeu initiated,"-" but, uutil now, 
there has beeu no detenu matron of the MTD i'or systemic 
therapy with a virus Herein we report ou a phase I study 
with dose escalations iiicludiug the testing of various 
treatmeut schedules aud MTD determiuatiou i'or systemic 
(iiitraveiious) admiuistratiou of the replicatiou-competeut 
virus PV01 ui patieuts with advauced caucer that was 
unresponsive to standard therapy. 

PATIENTS AND METHODS 
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PV701 is a highly purified isolate of the naturally attenuated 
;nonrecombinant) MK107 vaccine strain of Newcastle disease virus 
md is distinct riom other strains, such as ^3-T, that have been 
previously tested in humans. PV701 was cloned from MK107 by 
aiologic means (triple-plaque purification in chicken embry 



: defectii 



i. PV7( 



ibryonated chicken eggs 
i allantoic fluid. Clinical 
teria, including potency, 

purity, sterility, and adventitious agent testing (Investigational New 

Drug Application BB 7401, May 7, 1998). 



Doses weie expiessed as the amount of infectious virus in PFU. For 
the plaque assay, HT1080 human fibrosarcoma cells (obtained from 
, VA) were seeded into 
six-well tissue culture plates and grown to confluence The giowth 
medium was removed, monolayers were washed with serum-free 
medium, and 0 5 mT of vanous sample dilutions were added per well. 
The plates were incubated with rocking for 90 minutes at 37°C and 5% 
C0 2 . The medium was completely removed, the monolayers were 
washed as above, and 3 mL of semisolid agai medium was ovei laid 
onto each well. The cultures were incubated for 48 hours at 37°C and 
5% ( ' Monohveis weie slimed with neutial led t'oi counting of 



Intravenous AJminist, 



ofPV701 



For the first _ [ 
patients were administered the dose over 10 mini 
level) by injection of the syringe contents inti 
intravenous line (at ~25 mL/h). For the subsequ 
was diluted into an intravenous saline bag (50 tc 
before dosing . t a rate of 1.2 



n a sterile syringe and 
tes (regardless of dose 

nt 32 patients, PV701 
100 n 

C 10 9 PFU/m 2 /min for 



and a performance status (Eastern Cooperative Oncology Group) of 0 
or 1. Laboratory result minimum entry requirements included 3,000 
WBCs/jaL, 1,500 neutrophils/fiL, and 100,000 .so 



Treatment , 
Single-dosi 



<nd Study Desi; 
regimen. 



A single dose of 5.9, 12, or 24 X 10 9 P 
S days (n = 17 patients). The starting i 
5.9 X 10 9 PFU/m 2 was selected because this dose was greater 
log below the rodent MTD on the basis of body surface area 
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escalation proceeded by two-fold increments. All patients were hospi- 
talized for 24 hours with intensive monitoring. 

Rcpcuf-Llosc regimen. Two dose levels were examined (n = 13 
ar 5.9 X 10 9 PFU/m 2 or 12 X 10 9 PFU/m 2 was 
admitusteied three times in 1 week every 28 days. Dose 2 was given 2 

Desensitizing regimen. Five dose levels were examined (n = 37 
I 12 X 10 9 PFU/m 2 (desensitizing 
dose) on the first day of administration followed by two doses of 24 
X 10 9 PFU/m 2 , two doses of 48 X 10 9 PFU/m 2 , two doses of 72 X 
10 9 PFU/m 2 , two doses of 96 X 10 9 PFU/m 2 , or two doses of 144 
X 10 9 PFU/m 2 . Dose 2 was given 2 days after dose 1. For each 
patient, all three doses were administered within 1 week and 
repeated every 28 days. 

Two-week regimen. Two I (n = 12 

orients received 12 X 10 9 PFU/m 2 (desensitizing dose) 
on the first day of administration followed by five doses of 96 X 10 9 
PFU/m 2 or five doses of 120 X 10 9 PFU/m 2 . Dose 2 was given 4 days 
after dose 1. Patients were given three doses per week for 2 weeks (six 
total doses I followed by 1 week oft tieatinent Emollinent was tor a 

General. Patients were monitored before each treatment and ex- 
tensnely attei tieatinent E\aluations included physical examinations, 
ineasuieinent of performance status, laboratory paiaineteis, vital shed- 
ding (urine and sputum), and serum testing for PV70 1 ant bodies and 
infectious virus. CT or MM was used to assess tum.ii lesponses aftei 
each course of therapy. 

A minimum of three patients were entered at each PV70: 
until a patient experienced a dose-limiting toxicity (DLT). V 
was encountered, thiee additional patients were enrolled at that same 
dose level. There was no further dose escalation when two or more 
patients experienced a DLT. The MTD was defined as the 
below that at which two or more DLTs were f 

Adverse events were graded using the Southwest Oncology Grad ng 
Scale. DLT was defined as a clinically significant adverse e 
4 leukocyte or neutrophil count lasting > 5 days; platelet count < 
10,000/ juL [grade 4 by NCI common toxicity criteria vers 
> grade 3 nonhematologic excluding fever and fatigue). Transient 

hvpeibihiubineinia weie not comideied i DLT if these elevat oris 
returned to baseline before the next course. Symptoms clearly reiaieu to 
not considered as DLTs. 
A _ ble for additional courses of treatment when 

they had at least stable disease and an acceptable toxicity profile. 

Virologii Studies 

Samples of urine and sputum were screened for infectious virus by 
cytopathogenic effects in cultures of FIT 1080 cells. For 
1 with as 

little as 100 PFU/mL and 100 PFU/g, respectively, were positive. All 
positive samples were quantified by plaque assay on FIT1080 cells (as 
described in Plaque Assay section). 

Neutralizing Antibody to PV701 

Two-fold dilutions of heat-inactivated patient serum were mixed 
with a PV701 preparation that contained 3 X 10 2 PFU/mL in a total 

mT of the seium-vnus mixture was tested for mfectivity using t Ik- 
plaque assay described above. The neutralizing antibody titer of the 



serum sample is expressed as the last dilution resulting in at least 80% 
e number of plaques. 

Cytokine Measurements 

Patient serum was analyzed using commeicially a\ailable enzyme- 
linked immunosorbent assay kits for detection of human cytokines 
(IFN-a and I FN- , CA; IFN-0, 

Fujirebio, Inc, Tokyo, Japan; interleukin-6 [IL-6] and tumor necrosis 
factor-alpha [TNF-a], Pi Sera from 10 

patients were analyzed including two patients who were given a single 
dose of 12 X 10 9 PFU/m 2 , one patient who was given a single dose of 
24 X 10 9 PFU/m 2 , five patients who were given three repeat doses of 
12 X 10 9 PFU/m 2 , and two patients in the desensitizing 
were given a first dose of 12 X 10 9 PFU/m 2 followed by two doses of 
24 X 10 9 PFU/m 2 . 

Tissue Processing 

Sections of formalin-fixed patient tissues were processed for hema- 
toxylin and eosin (FI&E) staining. Electron microscopy of patient tissue 
samples was performed by negative staining with uranyl acetate and 
compaied with those fiom experimental FIT 1080 human fibiosaicoma 
xenografts infected with PV701. 2 

Statistical Analysis 

ociation between age or baseline anemia and 

- " transaminase elevations 

( 200 U T I and preexisting liver metastases, and the association of 
g disease and oxygen desaturation were performed using 
Fishei's exact test. The null hypothesis was that the probability of an 
advet se event was the same in patients with and without the baseline 
characteristic. A two-sided alternative was considered statistically 
sign ficant at P < .05. 

RESULTS 

hi tic it Clu racteristics 

Seventy-nine patients (48 men and 31 women) with 
advanced cancer that was unresponsive to standard therapy 
were enrolled onto this study (Tables 1 and 2) from June 
1998 through September IW 1 ) and were treated over 12 
dose levels with a total of l l )5 cycles The median age was 
58 years (range, 24 to 81 years) with 22 patients (28%) older 
than 70 years. The most common primary tumor types were 
colorectal (n = 23), pancreatic (n = 9), renal (n = 9), breast 
(n = 8), and non-small-cell lung carcinoma (n = 8). 
Seventy-two patients had received previous chemotherapy; 
35 of them received three or more regimens. 

Antibody Response 

Thirty- two patients were tested at baseline for neutral- 
izing antibody to PV701. One of these patients was 

lie limit of detection of the assay. His adverse 
event profile was no different from that of other study 

le other 31 patients tested all were negative 
for neutralizing antibody. 
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Dose Intensity (X 10 9 Nc 



1 


: 


5.9 


5.9 




19 


2 


Single 


12 


12 




11 


3 


Single 


24 


24 


5 


13 






5.9 X 3 


17.7 






5 




12x3 


36 


7 


11 




Desensitizing 


1 2, 24 X 2 


60 




10 


7 


Desensitizing 


12,48 X 2 


108 


3 


37* 




Desensitizing 


1 2, 72 X 2 


156 


5 




9 


Desensitizing 


1 2, 96 X 2 


204 


12 


28 


10 


Desensitizing 


12, 144 X 2 


300 


13 


13 


11 


Two-week 


1 2, 96 X 5 


492 


7 




12 


Two-week 


1 2, 1 20 X 5 


612 


5 


13 


Total 








79 


195 



Fourteen of 16 patients in the suigle-dose regimen, seven 
of seven patients in the repeat-dose regimen, and six of six 
patients in the deseusitiziug-dose regimen became seropos- 
itive, first evident I to 2 weeks after PV 7 0 1 dosing By 
week 4 alter initial dosing, 10 of 12 patients tested in the 
repeat-dose and desensitizing regimens had neutralizing 
antibody titers at 1:320 to 1:640 F ight patients were tested 
at 5 to 10 weeks alter initial dosing, and they had a median 
neutralizing antibody titer of 1:640 (range, I: SO to 1:2,560) 
One patient was followed over 18 courses (I 5 years) At 
month 3, his titer reached a plateau (at 1:2,560) that has 
persisted through the last time point analyzed (month 18) 

Vimlm-v 

A total of 82 I sputum samples and 8W urine samples 
from 67 patients were examined for virus shedding using 
highly sensitive iiifectivity assays Positive samples were 
quantified by plaque assay Fewer than l"o of the sputum 
samples tested were positive These positive samples con- 
tained low PV 7 0 1 levels (median 26 PFU/g sputum ) No 
PV 7 0 1 was detectable in the sputum at day 14 or beyond 
All repeat course sputum samples were negative Fifteen 
percent of all urine samples tested positive at a low level 
(median, 820 PFU/mL), and all samples were negative 3 
weeks after the last dose Five percent of urine samples 
analyzed from courses 2 to 6 were positive for PV701. 
The percentage of patients with transient viruria at any 
time during a course dropped from a first course high of 
54% to 0% in patients who received seven or more 
courses of PV^O I 

Cytokines 

Serum samples from 10 representative patients who were 
given one or multiple doses ( 12 or 24 • 10 9 PFU/m 2 ) were 



analyzed at multiple time points for serum proinflammatory 
cytokines (IFN-.r, IFN-/3, IFN-y, II -6, and TNF-.t) Similar 
patterns of cytokine production were noted for all 10 
patients after their first dose of PV0 1 IFN-.t was the 
predominant cytokine produced in all patients (median peak 
levels, 20,000 pg/ml ) compared with the four other cyto- 
kines (median peak levels between 10 and 200 pg/ml) 
Detectable increases m IFN-.t, IFN-y, II -6, and TNF-.t 
weie fiist seen by 6 lioius altei dosing with IFN-/3 only 
detectable at 20 hours alter dosing All four cytokines 
consistently reached peak levels at 20 hours alter dosing and 
returned to or near baseline by 2 to 3 days alter dosing In 
patients who received more than one dose of PV701, there 
was a marked reduction in serum cytokine levels alter the 
second dose compared with the levels seen alter the first 
dose (eg, for IFN-.t, a median peak of 13,000 pg/ml noted 
alter the first dose compared with a median peak of 65 
pg/mL after the second dose). 

Toxicilv 

Most common adverse events. Throughout the trial, 
fever, other cytokine- re la ted flu-like symptoms (eg, chills, 
fatigue, nausea/vom itiug, headache, diarrhea), and hypoten- 
sion were the most common adverse events (Tables 3 and 
4), primarily occurring 4 to 24 hours after PV70 1 dosing 
Except for the immediate dosing reactions (detailed below), 
adverse events diminished markedly in number and severity 
with repeat dosing (Table 4) and with the second (see Table 
3) and all subsequent courses. 

Two of the first three patients in the first cohort (5 l ) X 
10° PFU/m 2 ) had grade 3 fever of 40.0°C to 40.6°C, which 
was promptly reversed with ibuprofen Beginning with the 
fifth patient in this cohort, all subsequent patients in this trial 
received acetaminophen and ibuprofen prophylaxis and the 
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No of Patient- 



incidence oi" grade 3 lever was reduced to ll"o (eight of 
75 patients). 

In the single-dose regimen, 42" o oi' patients (seven oi' l") 
had at least one episode oi' diarrhea including one case oi' 
grade 4 In subsequent dosing regimens, diarrhea was 
eil'ectively controlled using loperamide with 10% oi' pa- 
tients having diarrhea. 

Age a ud baseline auemia were examiued in all patients 
as potential risk factors i'or grade 3 flu-like symptoms 
(fever, fatigue, nausea, vomitiug, and dehydration) Age 
was examiued because two DLTs at the 12/144/144 X 10 9 
billion PFU/nr dose level occurred in elderly patients (81 
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a iid "5 years of age, see Dose Escalations, DLT, and 
Determination of MTD below). Anemia was examined as a 
risk factor because it might exacerbate the severity of any 
fatigue, the most common of the grade 3 flu-like symptoms. 
The aua lysis showed that 13 (59%) of 22 patients > 70 
years of age had grade 3 flu-like symptoms compared with 
IS (32%) of 5" less than "0 years of age (P • . 025), aud 24 
(52%) of 46 patients with baseline auemia (Hgb 11 or Hct 
•- 35) had grade 3 flu-like symptoms compared with seven 
(2 1%) of 33 patients without baseline auemia (P 01) 

Dcscihsitization to hniiitr on repeat Josing As pre- 
dicted from the ammal models, dose I desensitized patieuts 
to the flu-like symptoms on subsequent doses Table 4 lists 
the six most common adverse events observed i'or patients 
in the deseusitiziug regimen in order of decreasing inci- 
dence aud by the Southwest Oucology Group severity grade 
i'or each dose Adverse eveuts were reduced in uumber aud 
severity after the secoud aud third doses despite a two-fold 
to eight-fold uicrease in dose. With all patients receiving 
prophylactic antipyretics, the incidence of grade 3 fever for 
patients in this regimen was reduced from 13% on dose I to 
beiug undetected with subsequent doses (Table 4). The 
incidence of erade 1 to 2 fever reduced from 83% with dose 
I to r% with dose 3 A similar pattern of deseusitization to 

with doses 2 to 6 producing milder and less frequent 
adverse eveuts compared with dose I, eveu wheu doses 2 
to 6 were eight- to 1 0-fold higher (data uot showu) This 
deseusitizatiou to toxicity with repeat doses was also 
seeu i'or the hematologic chauges (see Hematology/ 
Coagulation Profiles below). 

4i lite Josing rcuL tions Acute aud reversible dosiug 
reactious were observed in five of the first seveu patieuts 
enrolled at the 12/%/% • 10° PFU/nr dose level, typically 
dunug the third dose of the first course These reactious 
cousisted of back pain, chest tightuess, chest pain, aud 
hype rte us 10 u Abdomiual pain was less commouly seeu In 
all cases, the ouset was withiu 5 minutes of the start of 
dosing and resolved spoutaueously aud completely withiu 
30 minutes of the begiuuiug of the adverse eveut In a few 
uistauces, these adverse eveuts required a pause in the 
admiuistratiou of virus Oue patient experienced grade 3 
back pa ui ou his third PV 7 0 1 uijectiou aud was the ouly 
patieut ui the study who did uot complete a PV701 dosiug 
because of this acute dosiug reactiou All other acute dosiug 
reactious were grade I or 2 These reactious were attributed 
to the rate of admiuistratiou of the virus, which had 
mcreased from I 2 • 10° PFU/nr/miu at the 12 • 10° 
PFU/nr dose level to 1.0 X 10'" PFU/nr/mm at the higher 
dose levels. In subsequent patients, the administration rate 
for doses above 12 X 10 9 PFU/m 2 was decreased to 5 X 10 9 



Total No. 
Age, years 
Median 

Male:female 
Primary tumor site 
al 

Renal 
Breast 

Sarcoma 

Head and neck 

Melanoma 

Mesothelioma 

Esophageal 

Lymphoma 

Ovarian 

Bladder 

Carcinoma (unknown 
Cholangiocarcinoma 



d. of f m 



0. of prior hormonal therapy regirrv 



Prior surgery 

Prior radiation therapy 



Downloaded from jco.ascopubs.org on July 30, 2008 . For personal use only. No other uses without permission. 
Copyright © 2002 by the American Society of Clinical Oncology. All rights reserved. 



2256 



PECORA ET AL 



Table 3. Adverse Events for All Patients During the First Two PV701 Courses 



Adverse Event 




Grade 


Grade 3 {%) Grad 4 1 


de 3 {%) Grade 4 


Flu-like s m toms 












U Fever SymP ""^ 






92 


13 


3 


Chills 










44 








70 


32 


26 3 


Headache 






34 


1 


5 - 


Myalgia 






23 




13 


Diaphoresis 






19 




13 


G Nausea Stlna ' 


















72 


1 1 


26 


VomMnq 






57 


4 1 


23 - 


Anorexia 






54 






Diarrhea 






53 


1 3 


15 - 








16 


1 


5 - 


DelTd ration 






15 






p S 






10 






Hematologic 












Thrombocytopenia 






46 
38 


13 3* 


13 3 


uTpenia 






37 


23 4t 




Increased PT/PTT 






30 


1 1 


15 


Neutropenia 






23 


8 1 


8 


Ca H^ t otension' 


















52 


5 1 


15 


Edema peripheral 






15 


3 


13 


Dizziness 






14 






Respiratory 












Dyspnea/hypoxia 






27 


8 6 


15 3 


Liver""^ 






18 






Increased ALT/AST 






47 


18 4 


18 3 


Increased bilirubin 






4 


10 3 




Neurologic 












Pain, back/flank 






24 


8f 


15 3 


Pain, abdominal 






24 


4 


18 3 


Lonfusion/disorientation 








3 


_ 


Anxiety/agitation 






13 




5 - 


Pain, hip/leg 






10 






Acute dosing reaction 












Back pain 






19 


1 


26 - 


Chest pain 






11 


1 




Metabolic 












Hypokalemia 






10 




5 - 


NOTE. Included are all evei 


its with at 


least a 1 0% 


incidence for any grade. 




•For both cases of SWOGg 


rade- 


4thrc 


jmbocytopen 


ia (platelet nadir at 23,000//xL in a patie 


nt dosed with a single dose of 24 X 1 0 9 PFU/m 2 and platelet nadir 


at 1 9,000/ [A in a patient dosed at 


1 2/96/96 X 1 0 9 


' PFU/m 2 ), platelets had recovered to a gi 


rade 1 to 2 level within 4 to 6 days and no bleeding was observed. 


tAll three cases of grade 4 


1 , nii 


□ occurred 20 hours after dosing and had recovered 


to grade 2 at the next time point (3 days later). 


fGrade 3 pain occurred in 






ith baseline | 


Dain at 1 





PFU/nr/miu (see Patients and Methods) At the slower 
administration rate, dosing reactions occurred infrequently 
in subsequent patients and were less severe The symptoms 
of back pain, chest tightness, and hypertension were sug- 
gestive oi a vasospasm eiiect, although no FCG changes 
were observed and prophylaxis with antihistamines was 
found to be ineffective. 



Tumor site— specific aJxeise e\ aits n /chiding inflamma- 
tion A separate class of adverse events dependent on the 
tumor location was noted These tumor site-specific adverse 
events included the following: 

• Tumor inflammation/ edema on physical examination 
(one patient with a scalp metastasis from a colon 
carcinoma, the other with tongue carcinoma) 
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Table 4. 


Percentage of the Six Most i 


e Events Observe 


nts Given Three PV701 Doses for Which Doses 2 and 3 Were 


.Up to 






Eight-Fold High. 


er Than Dose 1 (n = 24 pat 


ients, < rtg regi. 


nen) 








Dose 1 


(n = 24! 


Dose 2 (n = 23) 


Dose 3 (n = 


= 23) 


Dose 1 , Course 2 ( 


n = 14) 




Grade 1-2 




Grade 1-2 




Grade 3 


Grade 1-2 


Grade 3 




,t {%) 






{%) 


{%) 


{%) 






83 


13 


82 0 


17 


0 


27 


0 


Chills 


54 


0 


39 0 


17 


0 


20 


0 








22 0 


30 


0 


13 


0 




41 


38 


21 4 


26 


9 


7 


0 




38 




4 0 


17 


0 


7 


0 


Hypotension 


33 


0 


26 0 




0 


0 


0 



NOTE. Includes all patients at dose levels 1 2/24/24 (four patients), 1 2/48, 48 (three patient ) 1 2/72/72 (five patients), and 1 2/96/96 : : 10 9 PFU/m 2 (12 
patient } 

*ln addition, there was one case of grade 4 vomiting. 



• Oxygen desaturatioa observed only in patients with 
luiig/pleiiral rumor involvement ( 13 of 55 patients with 
pulmouary rumor involvement v zero of 24 without 
involvement; P < .01). 

• Pulmouary adverse eveuts (grade ' 3, uicludiug six 
cases of grade 3 dyspuea ) in uiue of 55 patieuts with 
pulmouary tumor uivolvemeut Se^en oi these uiue 
patieuts had one or more oi" the i'ollowiug baseliue 
characteristics (signs, symptoms, radiographic evi- 
dence): baseliue grade 2 dyspuea, luug tumors at least 
5 cm in size, significant pleural effusions, partial or 
complete lobectomy, lobar atelectasis, and lobar con- 
solidation There were no cliuically significant pulmo- 
uary adverse eveuts observed in tne 24 patieuts without 
lung involvement by tumor. 

• Transiently elevated liver trausamiuases over 200 U/L 
occurred ouly in patieuts with liver metastases (18 of 
38 patients with liver metastases v zero of 41 patieuts 
without; P < .01). 

• An euterocutaueous fistula at the tumor site (with the 
tumor exteudiug from bowel to skin surface) in a 
6 3 -year-old mau with a colou carciuoma occurred l ) 
days after his first dose of 144 • 10° PFU/nr 

Menu tolo^y/t ot guh tio i p vfiles After the first dose of 
the first course of PV"0l, all patieuts experienced a trau- 
sieut drop ui leukocyte and platelet couuts with full recov- 
ery to baseliue observed withiu " to 14 days, regardless of 
dose level C limcally siguificaut thro m bocy tope u la (South- 
west Oucology Group grade 4. uadirs of l l ),000 aud 23,000 
platelets/ juX ) aud leukopema (grade 4) were observed in 
two aud three patieuts, respectively However, these pa- 
tieuts were carefully momtored cliuically with follow-up 
hematology profiles performed 12 hours to 4 days later aud 
a rapid recovery- in blood couuts was observed in all cases 
No episodes of bleed nig or iiifectiou resulted from these 



aud leukopema was ideutical for patieuts who were giveu 
oue dose as for those who were giveu up to six doses, 
iiidicatiug that this pheuomeuou was due to the first PV0 1 
dose The rate of recovery was the same for the siugle-dose 
patieuts as for those who were giveu multiple PV 7 0 1 doses 
with full recovery uoted by day 14 in all patieuts, uicludiug 
those who were giveu subsequent doses up to 10 times 
higher thau dose I There were no siguificaut chauges in 
leukocyte and platelet counts during subsequent courses. 

There were no siguificaut chauges in hemoglobiu or 
hematocrit values aitei PV0 1 dosing in patients without 
baseliue auemia Grade 3 auemia was reported for six 

' Specific assays were' added to the standard coagulation 
pauel to serve as early predictors of poteutial dissem mated 
intravascular coagulatiou (le, fibriuogeu aud fibriu split 
products) There were no dose- or time-related chauges in 
these parameters or in the staudard coagulatiou parameters 
(prothrombin time, partial thromboplastin time) that were 
considered cliuically siguificaut aud related to therapy 

Hypoglycemia in patients on oral hypoglycemic agents or 
insulin Three uistauces of cliuically siguificaut hypogly- 
cemia occurred All three patieuts had diabetes (two were 

insulin) "After the initial PV701 dose, these patieuts expe- 
rieuced uausea aud dehydratiou, resultiug in limited oral 
uitake Hypoglycemia was uot observed after subsequent 
PV 7 0 1 dosiug It is uukuowu whether PV?0l admiuistra- 
tiou also uicreased the bioavailability of the hypoglycem ic 
therapy Discontiuuiug these ageuts in the immediate post- 
dosiug period after dose I resulted in no additional episodes 
of hypoglycemia. 

Dose es, ulutions, DI T, ami determination of AITD In 
the siugle-dose regimeu, doses between cohorts were esca- 
lated ui two-fold uicremeuts from 5 l ) to 24 • 10° PFU/nr 
As cau be seeu in Table 5, oue adverse eveut (grade 4 
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Table 5. Dose-Li 


imiting Toxicities 






Dose Level 


Re imen 



Doses ( 10? PRJ/m 2 ) 


DoseBein Escalated 



N °E°! o fej ents 


N ° w ° f h P ° t ™ ts 


T eofDLT 




1 


Single 


.5.9 


First dose 


6 


1 


1 pt with diarrhea (gr 4) 


2 


Single 


12 


First dose 


6 


°, 


None 


3 


Single 


24 


First dose 


5 


1* 


1 pt with dyspneat (gr 3) and 














hypoglycemia (gr 3) 




Repeat 




N/Af 






1 pt with dyspnea§ (gr 4) 


5 


Repeat 


12x3 


N/Af 


7 


0 




6 




12, 24 X 2 


Second dose 


4 


0 


None 


7 




12,48 X 2 


Second dose 


3 


0 






Drr!t™y 










None" 


9 




1 2, 96 X 2 


Second dose 


12 




1 pt with acute dosing reaction (gr 3 
















10 




12, 144 x 2 


Second dose 


13 


31 


1 pt with tremors (gr 3) and dehydration 














I !); 1 














pt with hypoxia (gr 3) which occurred 


11 


Two-week 


1 2, 96 X 5 


N/Af 


7 


0 


during rigors 


12 


Two-week 


12, 120 X 5 


N/Af 


5 


0 





Abbreviations: DLT, dose-limiting toxicity; pt, patient; gr, grade; N/A, not applicable. 

'Grade 2 hypotension was also observed at this dose level (in three of five patients) and was the only dose-dependent toxicity in the single-dose regimen. Dose 
escalation was stopped to allow an outpatient dosing regimen. The dose of 1 2 X 1 0 9 PFU/ m 2 was therefore established as the outpatient MTD for the first dose 
with grade 2 hypotension as dose limiting. 

tThis patient with baseline compromised lung function had worsening of underlying pulmonary infiltrate after PV701 dosing. See the Results, which describes 
an association of lung/pleural tumor involvement and respiratory adverse events. 

f Tolerance of repeat dosing tested rather than d on. 

§This patient with baseline extensive lung metastases and bilateral pleural effusions experienced grade 4 dyspnea after the first dose of 5.9 X 1 0 9 PFU/ m 2 and 
did not experience any recurrence with doses 2 and 3 or during a second course. 

||One patient of the first seven of this cohort had an acute dosing reaction (grade 3 back pain) due to the 96 X 1 0 9 PFU/m 2 dose. The infusion rate was slowed 
and five more patients enrolled onto this dose level and only one mild dosing reaction occurred (grade 1 abdominal discomfort). 

IDose escalation of the second dose was stopped at 144 X 10 9 PFU/m 2 due to the occurrence of three dose-limiting toxicities in this cohort. 

#One patient with preexist function died of respiratory failure after receiving only the desensitizing dose of 1 2 X 10 9 PFU/m 2 . There were 

no dose-limiting toxicities seen with the dose of 1 20 X 10 9 PFU/m 2 . 



diarrhea) that met the definition of DLT was seen in the first 
cohort (5.9 X 10 9 PFU/m 2 ) of six patients. Severe diarrhea 
was not seen on subsequent higher dose levels when 
was given prophylactically at the first sign of 
gastrointestinal side effects. No DLTs were seen in six 
patients in the 12 X 10 9 PFU/m 2 cohort. At the 24 X 10 9 
PFU/nr dose level, a DLT (grade 3 dyspnea ) occurred in a 
patient with a lung tumor mass and baseline signs of 
pulmonary infiltrate This patient also experienced grade 3 
hypoglycemia Dyspnea and hypoglycemia were not con- 
sidered dose dependent in this trial because severe dyspnea 
was associated with patients having lung/pleural tumor 
masses and hypoglycemia only occurred in patients with 
diabetes (discussed in Hypoglycemia in Patients on Oral 
Hypoglycemic Agents or Insulin). 

In the single-dose regimen, the only dose -dependent 
toxic ir\ r was grade 2 hypotension, which occurred in three of 
five patients in the 24 • 10° PFU/nr cohort Because the 
intention was to establish an outpatient dosing regimen, 
dose I was not escalated further The dose of 12 • 10° 



PFU/nr was therefore established as the outpatient MTD 
for the first dose with grade 2 hypotension as dose limiting 
The repeat-dose regimen tested for the presence of any 
cumulative toxicity at two dose levels (5 l )/5 l )/5 l ) and 
12/12/12 • 10° PFU/nr) in a total of 13 patients As 
indicated in Table 5, only a single DLT was observed (grade 
3 dyspnea ), which occurred in a breast cancer patient with 
baseline bilateral pleural effusions dosed at 5 l )/5 l )/5 l ) • 
10° PFU/nr, the lower of the two dose levels No cumula- 
tive toxic ir\ r was seen A dose of 12 • 10° PFU/nr was 
therefore chosen as a first dose (or •"desensitizing dose") for 
escalation of the second and subsequent doses in the 

In the desensitizing regimen, one DLT was observed in 
the first four cohorts with a total of 24 patients (Table 5) 
This acute dosing reaction (grade 3 back pain) at 12/%/% 
was attributed to the infusion rate (see Acute Dosing 
Reactions above), which was slowed for subsequent pa- 
tients In the 12/144/144 • 10° PFU/nr cohort of 13 
patients, three DLTs were observed and dose escalation was 
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stopped These events were seen alter the 144 • 10° 
PFU/nr dose: grade 3 tremors and dehydration in an 
8 1 -year-old woman, grade 3 dehydration m a "5-year-old 
man, and grade 3 hypoxia associated with 30 minutes oi' 
rigors in a man with lung cancer. 

For patients in the 2-week regimen, repeat doses lower 
than 144 • 10° PFU/nr were therefore tested There was no 
significant difference in adverse event profile or laboratory 
values for repeat doses of % or 120 • 10° PFU/nr given 
five times over 2 weeks, no cumulative toxicity was seen, 
and patients tolerated equally well either of these doses 
Therefore, the dose of 120 • 10° PFU/nr was determined 
to be the second dose MTD. 

Serious Adverse Events and Deaths 

Seven cases of dehydration requiring intravenous fluids 
and/or hospitalization were noted Most of these cases were 
associated with significant nausea/vomiting and/or diarrhea 
These events were reversible and did not result in lasting 
effects As discussed above, patients over age "0 were at 
increased risk for flu-like grade 3 adverse events 

Three patients with baseline bacterial infections were 
administered PV"0l and had episodes of sepsis after PV^Ol 
therapy Two patients had a baseline urinary tract infection 
The other patient had baseline fever in the week before 
beginning PV0 1 treatment and had baseline bacteremia 
immediately before his first dose of PV701. 

There were five patient deaths, four of which were clearly 
attributed to progressive disease occurring during the 
4-week reporting period The remaining death occurred in a 
5 5 -year-old man with reual carcinoma metastatic to the 
lungs At baseline, he had compromised pulmonary function 
as a result of previous lobectomies, lobar atelectasis, and an 

addition, he was status postradical nephrectomy with a 4-cm 
tumor metastasis in his remaining adrenal gland This 
patient was enrolled in the 12/120 • 5 doses x 10° PFU/nr 
dose level After an initial (and only) PV^Ol dose of 12 • 
10° PFU/nr, he experienced grade 3 hypotension that 
required intravenous hydration and 48 hours of hospitaliza- 
tion Three days later, he was admitted to a local community 
hospital with complaints of fatigue, lethargy, and severe 
respiratory distress Mechanical ventilation was advised but 
was declined The patient died as a result of respirator*' 
failure approximately 1 2 hours later At autopsy, an en- 
larged subcariual lymph node (5 • 4 • 3 cm) filled with 
partially hemorrhagic and necrotic tumor tissue was re- 
ported as well as a metastatic tumor that measured 8 • " • 
b cm just below the inferior pleural surface of the left upper 
pulmonary lobe Histologic sections of the left lung were 
reported as showing the presence of localized thrombi only 



in the tumor ve 


ssels with tumor necrosis and severe edema/ 


inflammation c 


inly in the tumor-bearing lung and mild to 


absent in the i 


lon-tumor-beariug lung Inflammation was 


not reported in 


any other organ. 


Response 4sse? 





Seventeen patients were not eligible for response assess- 
ment Twelve patients were removed from the study before 

worsening baseline symptoms Three patients were taken 
oil' the study for progressive disease One patient was 
removed as a result of noncompliance, and one was re- 
moved to receive radiation therapy. 

Of the 62 patients who were eligible for response assess- 
ment, 14 had freedom from tumor progression for 4 to 30+ 
months and two had radiographic evidence of major re- 
sponses A complete response was documented in a 51- 
year-old man with tonsillar (squamous cell) carcinoma At 
the time of enrollment, this patient had disease progression 
during cisplatiu and radiation therapy (with the most recent 
treatment given in September IW8) as noted by a radio- 
graphic increase during the preceding 3 months After a 
baseline MKT scan in Jauuary I 1 ) 1 ) 1 ) (Fig I A) demonstrating 
a I 5 -cm tumor in the pharynx, he received PV"0 1 at the 
12/%/% • 10° PFU/nr dose level After one cycle, he 
achieved a radiographic complete response as evidenced by 
resolution of the tumor on MR I Follow-up scans after 
months 2, 3, and 5 of therapy confirmed the radiographic 
complete response (Fig IB) The patient was noncompliaut 
and discontinued therapy between months 5 and " An MKI 
scan at month indicated disease progression elsewhere in 
the pharynx (lateral oropharyngeal wall ) 

A partial response was documented in a "^-year-old-mau 
who had colon carcinoma and had failed capecitabme, 
5-FU, and iriuotecau He had not received any chemother- 
apy in the 2 months before his enrollment into the PV0 1 
study at the l2/"2/T2 • 10° PFU/nr dose level At baseline, 
he had two liver metastases, the largest one well-circum- 
scribed and measuring 10 cm in maximal dimension (Fig 
2A) His CT scans at month 1 (Fig 2B) and month 2 after 
therapy showed overall tumor regression of greater than 
7 0" c In addition, immediately after dosing there was a 
spike in carcinoembryomc antigen level (approximately 
4 5-fold increase) followed by a drop to steady-state levels 
at 7 l )"c below baseline, shown elsewhere to be further 
indicative of a response. ~ 7 Progression- free survival of 10 
months was observed in this patient Seven other patients 
with diverse malignancies (including mesothelioma, mela- 
noma, and carcinoid) had measurable tumor reduction, 
although less than 50" c of the total tumor burden 
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Fig 1 . Complete response in a man with tonsillar carcinoma. (A) Baseline 
MRI image showing a 1 .5-cm tumor at the junction of the right tongue base 
and tonsillar pillar. (B) MRI image at month 3 showing complete resolution of 



Replacement of Tumoi In Intlammatoiy Cells on 
Histologic Examination 

During the course of PVO 1 therapy, one patient had 
tumor tissue removed ibr electron microscopic examination 
and other tissue a ua lysis This 46 -year-old man, who had 
bulky peritoneal mesothelioma that had progressed after 
debulkiug surgery and intraperitoneal doxorubicin/cisplatin 
and IFN-7, was enrolled at the 12/48/48 • 10° PFU/nr 
dose level in January 1999. During 30 monthly courses of 
PV701, he has remaiued free from progression, has no 
disease-related symptoms, experienced an improvement in 
performance status (to Eastern Cooperative Oncology 
Group 0), gamed muscle mass, and retained a high level of 
physical activity. CT scans performed on a monthly basis 



Fig 2. Partial response \ 
scan demonstrating 1 0-cm liver metastasis. (B) CT scan at month 1 demon- 
strating the response. 



have shown up to a 35" r reduction in bidimensioual 
measurable disease (2"0 enr at study entry) Flective 
surgery to debulk disease 2 weeks after his last dose of the 
eighth course (in the eleventh month of PV01 administra- 
tion) was unsuccessful. However, histologic examination 
showed a significant fraction of the tumor mass replaced by 
an active inflammatory process with edema in all sections of 
tumor (Fig 3A and 3P) This process consisted predomi- 
nantly of plasma cells Lymphoid follicles with germinal 
centers were also evident in the tumor, indicating an active 
immune reaction (Fig 3C). Electron microscopy revealed 
PVO I particles at tumor cell membranes (Fig 3D) The 
plasma cell infiltrate and secondary lymphoid follicles were 

before enrollment A normal skin sample removed at the 
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Tumor parenchyma (H&E histologic stain) showing (A) inflammation/edema, (B) plasma cell 
rograph shows particles consistent with PV701 budding from the tumor cell membrane. 



evidence of inflammation His serum neutralizing antibody 
titer had reached a plateau level of 1:2,560 at the time of the 
tissue examination. 

In another case, a different pattern oi' tumor inflammation 
was seen Autopsy sections from a patient who had ad- 
vanced pleural mesothelioma and died oi" progressive dis- 
ease (tumor obstruction oi" the inferior vena cava ) were 
reviewed Lung metastases displayed a mononuclear in- 
flammatory infiltrate mainly at the periphery of the larger 
metastases and throughout the smaller tumor masses (Fig 
4 A and 4B) Also observed in the lung metastases were 
signs of tumor necrosis, including multifocal areas at the 
tumor periphery (Fig 4A) The portion oi lung without 
tumor was free of any signs of inflammation (Fig 4C). A 

which showed mononuclear inflammatory cells infiltrating 



the tumor but not umnvolved liver distal from the tumor 
(Fig 4E). A diffuse mononuclear inflammatory infiltrate was 
also seen in a mesenteric metastasis (Fig 4F) but not in the 
adjacent normal tissue. No such inflammatory process was 
present in the original biopsy of the primary tumor preced- 
ing PV^O I treatment. Unlike the previous case of the patient 
with peritoneal mesothelioma, there was no sign of tumor 
regression in this particular patient and no samples of tumor 
tissue were obtained for viral analysis. 

DISCUSSION 

Among the various clinical tests of replication-competent 
viruses~~~~ 5 ' Jti ' 20 (Stojdl et al, manuscript submitted for 
publication), the phase I dose escalation study reported here 
is the first study in humans to determine an MTD for 
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strain of Newcastle disease virus was studied because it 

human tumors in vitro and in vivo and is active by the 
intravenous route Importantly, Newcastle disease virus has 
previously been shown to lack pathogenicity in humans 
alter low-dose admiuistration J> '~' VM ° mainly as a compo- 
nent oi'oncolysate tumor vaccines S - J,V1 This phase I study 
characterized the toxicity profile ibr intravenous FV^Ol 
dosing and demonstrated the feasibility and potential benefit 
of systemic (intravenous) oncolytic virus administration 

As expected from previously published reports on New- 
castle disease virus serologic surveys, JM ~ only one oi' the 
32 patients tested was found to have neutralizing antibody 
before administration of the virus After dosing with PVOl, 
the majority (27 of 2 1 )) of patients tested developed varying 
levels of neutralizing antibody Neutralizing antibody titers, 
even with multiple courses, reached a moderate plateau 
level of - 1:2,560, including a patient who received repeated 
cycles of PVO I for more than IS months Of potential 
clinical significance, signs of efficacy (eg, tumor regres- 
sions) were observed in patients after formation of these 
antibody titers. 

Low levels of viral shedding were observed and found 
generally to be transient Recovery of virus from sputum 
was rare, was of low level, occurred only after the first cycle 
of virus administration, and always cleared within a maxi- 
mum of 14 days Recovery of virus from urine after the first 
cycle oi'PV^O I was more common but again did not persist, 
being cleared within 3 weeks Transient viruria was 
observed less frequently after subsequent cycles but did 
occur despite the presence of neutralizing antibodies 
Ultimately, the mc id e nee of transient viruria diminished 
to zero among patients who received PV 7 0 1 for seven or 
more cycles Relative to the environmental impact of 
shedding on the most susceptible host species (chickens), 
the observed levels of PV 7 0 1 shedding are orders of 
magnitude below the standard avian vaccine dose re- 
quired for an antibody response. JJ ' J4 

The low and transient viral shedding seen in this study 
may be part of the explanation for the lack of any observed 
humau-to-humau transmission seen with PV701 This find- 
ing is in agreement with data from other clinical trials using 
Newcastle disease virus J and with other human experience 
with the virus/'" 

The acute toxicity of PVO I principally consisted of 
flu-like symptoms (fever, chills, fatigue, headache, nausea, 
vomiting, and diarrhea) and dose-dependent hypotension 
that occurred 4 to 24 hours after PV701 dosing. Older 
patients (^70 years) and those with anemia (hemoglobin 
1 1 g/dl ) were found to be more likely to experience flu-like 
symptoms of greater severity Acute toxic effects have been 



shown in animal models to be a result of Newcastle disease 
virus-induced release of proinflammatory cytokines, in- 
cluding type I IFNs and TNF-.t J ^ J0 Levels of type I IFN, 
IFN-7, TNF-.t, and IL-6 were elevated in patients in this 
study after the first dose of PV 7 0l, with levels first detected 
by 6 hours and peaking at hour 20 This pattern paralleled 
the time course of the flu-like symptoms (eg, fever was 
consistently noted between hours 4 and 20) Antipyretics 
and autidiarrheal agents reduced the incidence and severity 
of these toxicities. 

Just as tachyphylaxis develops in mammals, including 
humans, with repeat IFN and TNF dosmg, 4CM ~ a striking 
reduction in the incidence and severity of PVO 1 -mediated 
acute toxicity on repeat dosing was observed (Table 4). This 
phenomenon, termed •"desensitization," was first observed 
with PVO 1 in the rodent models and applies to effects on 
toxicity but not efficacy In preclinical testing using human 
tumor xenografts in athymic mice, efficacy increased with 
repeat dosing and toxicity was markedly reduced After 
intravenous administration of 3 • 10 s PFU, mice tolerated 
subsequent intravenous doses of I • 10 10 PFU, indicating 
at least a 1 0-fold increase in the MTD 2 As fully predicted 
by these preclinical studies, this desensitization phenome- 
non allowed a 1 0-fold increase in the MTD observed in this 
trial with a first dose MTD of 12 • 10° PFU/nr and a 
second dose MTD of 120 • 10° PFU/nr The reduction m 
adverse event profile seen with the second PVO 1 dose 
compared with the first dose paralleled the reduction in 
serum cytokine levels seen after second PVO I dose, 
suggesting a causative role of proinflammatory cytokines in 
the clinical toxicity of PVO I As seen preclinical!}' in both 
immunodeficient and immunocompetent mice, this desensi- 
tization phenomenon in patients does not depend on the 
development of antibodies to PVO I because it is seen as 
early as 2 days alter the first PVO I dose (when antibodies 
are not detectable). 

Desensitization also occurred with respect to transient 
drops in platelet and WBC counts IFN and TNF-.t are 
known to cause transient changes in blood cell counts as a 
result of marginatum 40 - 4J ~ 47 A previous study by Merrigau 
et al, J0 using single doses (from 10" to 10 s PFU/patient) of 
Newcastle disease virus, orders of magnitude below the 
doses tested in this trial, verified a dose-dependent induction 
of IFN in the serum of T patients along with fever and a 
transient leukopenia In the present study, these transient 
hematologic changes were induced by the first dose of 
PVO I Leukocyte and platelet levels recovered during the 
first course of repeat dosing, even when doses were 10-fold 
higher than the first dose Importantly, the leukopenias and 
thrombocytopenias were not correlated with signs of infec- 
tion or bleeding, and the degree and rate of recover*' did not 
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require therapeutic intervention The lack oi cumulative 
effects seems to be consistent with margiuation of leuko- 
cytes and platelets rather than a consumptive process 

There was no observed cumulative toxicity associated 
with prolonged repeated PVO I dosing including a total of 
1 16 repeat courses given to a total of 3 l ) patients One 
patient has had more than 30 courses of PVO I with no 
evidence of an adverse effect on any organ system Because 
of desensitization and the lack of cumulative toxicity, an 
overall dose intensification of more than 100-fold was 
achieved m this trial (Table 1 ). 

seen In this study, two patients with palpable tumors 
(colon cancer with a scalp metastasis and tongue cancer) 
developed inflammation and edema localized to the 
tumor sites Histologic confirmation of tumor site-spe- 
cific inflammation was obtained from representative pa- 
tients In one patient with metastatic pleural mesotheli- 
oma, tumor necrosis and a mononuclear cell inflam- 
matory infiltrate were observed only at tumor sites 
without any involvement of normal tissue, including 
tissue adjacent to disease sites (Fig 4) Evidence of such 
tumor inflammation as seen in this trial raises a question 
about the determination of responses by traditional im- 
aging criteria, especially in future phase II trials 

Tumor site-specific effects were also observed in patients 
with tumor involvement of the lung and liver Oxygen 
desaturation, for example, was observed only in patients 
with pulmonary/pleural-based tumors (13 of 55 with in- 
volvement v zero of 24 without, P ■ . 01) Significant 
elevation in liver enzymes was also limited, occurring only 
in patients with liver metastases ( 1 S of 38 v zero of 41, P 
01) Iu addition, there was no evidence of generalized 
hepatocyte toxicity because total serum protein and clottiug 
times remaiued comparable to baseline Furthermore, the 
typical pattern of liver enzymes (elevated gamma glutamyl- 
trausferase and alkaliue phosphatase disproportionate to 
trausamiuases, and AST ' ALT) was indicative of pressure 
on the caualiculi and cholaugioles from a space-occupying 
effect rather thau hepatocellular damage from hepatitis 4,s ' 4 ° 
Of cautionary uote for future trials, patients with malig- 
nancy extensively replacing normal lung tissue, particularly 
if baseline pulmonary dysfunction exists, seem to be at risk 
for severe pulmouary toxicity. One such patient with pre- 
existing compromised lung fuuction died of respiratory 
failure Severe edema and inflammation was found local- 



ized to the tumor-beariug lung along with thrombosis 
confined to the tumor vessels. 

Response assessment was uot the focus of this phase I 
study, especially because, in this dose escalation study, 
most patients received low, potentially suboptimal dose 
intensities (Table I ) However, 62 patients were assessable 
Evidence of efficacy mcluded progression-free survival 
from 4 to more thau 30 months in 14 patients who had clear 
evidence of disease progression before initiation of PVO I 
Furthermore, two radiographic objective responses (com- 
plete response and partial response) were documented and 
seven other patients had measurable tumor reductions, 
although uot to the degree of a partial respouse A 46 -year- 
old mau with advauced pentoueal mesothelioma unrespou- 
sive to intraperitoneal chemotherapy, with bulky disease 
(four 8- to 10-cm masses with total bidimeusioual measur- 
able disease of 2^0 enr) at baseliue, has received more thau 
30 courses of PVO I, has maiutaiued an improved perfor- 
mance status (Eastern Cooperative Oucology Group 0), has 
had a radiographic miuor respouse (of 35" o tumor regres- 
sion), a ud has experienced no cumulative toxicity Evidence 
of a direct ouco lytic effect of PVO I in this patieut was 
fouud ou biopsy after 1 1 mouths of PVO I admiuistratiou 
PVO I particles were observed buddiug from tumor cell 
membraues, aud the tumor mass was exteusively filled with 
mononuclear inflammatory cells (especially plasma cells) 
replaciug tumor, iiidicatiug that PVO I had gained access to 
the tumor aud was replicatiug there despite the presence of 
serum ueutraliziug autibody Iu comparison to this patieut 
with oue of the largest tumor burdeus enrolled outo the 
study, the patieut with the smallest tumor burdeu ( I 5 cm, 
to us i liar caucer) experienced a complete radiographic re- 
sponse after three doses of PV701. 

C ollectively, these observations support the coucept that 
systemic therapy with the replicatiou-competeut virus 
PVO I cau provide a uovel aud potentially importaut 
therapy for patients with solid tumors, iiicludiug those 
unrespousive to staudard therapy Moreover, loug-term 
lutraveuous virus therapy seems to be feasible in humaus 
aud may play an importaut role in the treatmeut of solid 
tumors Additional cluneal studies of PVO I have beguu 
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Abstract 

Historically, cancer drug development has been a roller coaster. Numerous agents have shown exciting activity in preclinical 
models and yet have had minimal activity clinically. These disappointments have led to reasonable scepticism about the true value 
of both syngeneic and xenograft rodent tumour models in accurately identifying agents that will have important clinical utility. 
Whereas the development of newer techniques, including transgenic mouse models of cancer, offers the potential to develop more 
predictive models, the role of such mice in cancer drug development is not yet validated. To advance in our understanding of pre- 
dictive model systems it may be wise to analyse both the successes and the failures of conventional models in order to understand 
some of their limitations and perhaps to avoid making the same mistakes in the future. Here we review the value and limitations 
of xenograft models, and the role of integrating preclinical pharmacology in developing new treatments for solid tumours of 
childhood. 

© 2004 Elsevier Ltd. All rights reserved. 
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1. Introduction 

The evaluation of antitumour agents in immune-defi- 
cient mice (athymic nude or severe combined immuno- 
deficient (scid) mice) transplanted with human tumours 
is the major model system for drug development. In 
its most simple iteration, tumours are grown sub- 
cutaneously, and the model allows rapid and quantifi- 
able assessment, of antitumour activity relative to mouse 
toxicity. Logically, precedence should be given to those 
agents that show the greatest antitumour activity in 
the preclinical setting, assuming the preclinical data are 
predictive of drug activity in human studies. The chal- 
lenge lies in being able to extrapolate these results to the 
clinic. Indeed, can this ever be done with any degree of 
confidence? The extensive screening for over 10 years by 
the National Cancer Institute (NCI) suggests only a 
moderate predictive value for their xenograft models, 
and even less concordance between in vitro testing data 
and clinical utility [1]. In this analysis, xenograft 
tumours derived from a particular cancer type did not 
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1668. 

E-mail address: peter.houghton@stjude.org (P.J. Houghton). 



predict for activity in the respective clinical disease; 
rather broad-spectrum activity in the preclinical models 
was associated with greater clinical activity. Interestingly, 
these results recapitulate those from syngeneic rodent 
tumour models used in the NCI screening programme 
before 1985, where clinical activity was associated with 
a high response rate in five of eight unrelated solid 
tumour models. The deficiency in all of these studies has 
been an inability or failure to relate tumour-response 
data to clinically achievable drug systemic exposures 
(i.e. studies on pharmacokinetics were not undertaken). 

There are many reasons why preclinical results do not 
predict human efficacy. Here we will focus on differ- 
ences in interspecies pharmacology. However, it is clear 
that the design of therapeutic clinical trials often fails to 
build upon the strong preclinical leads that may guide 
aspects of clinical trials' design, such as scheduling of 
drug administration. Conversely, criteria used to 
advance an agent in preclinical trials may not be as 
stringent as those used to evaluate response rates in the 
clinical setting. For example, 58% inhibition of tumour 
growth, a criterion used by NCI for assessing the activ- 
ity of a drug against xenograft tumour models, repre- 
sents progressive disease in a clinical trial. Our data 
suggest that if certain aspects of the study design are 
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given careful consideration, it may be valid to predict 
clinical results derived from preclinical work with the 
xenograft model. These aspects include (a) the develop- 
ment of early-passage models of the appropriate human 
cancer, rather than the use of 'ancient' cell lines that 
have been in culture for decades; (b) the use of clinically 
relevant response criteria to evaluate a new entity; (c) 
the assessment of tumour responsiveness relative to 
drug systemic exposure; and (d) a rational consideration 
of the major/minor strengths and weaknesses of the 
model (i.e. all models have certain limitations). Here we 
review our experience using models of childhood can- 
cers in drug development. 



2. Retrospective studies: validation of tumour models 

Xenograft tumour models, in which a human cancer 
is transplanted into immune-deficient mice, have been 
explored since the mid 1 960s, but became more frequently 
used after the identification of the athymic nude mutant 
mouse which is deficient in T cells [2,3]. The more recent 
discovery of other immune-deficient mouse strains has 
further expanded the options for host transplantation. 
For example, the non-obese diabetic (NOD) scid mouse 
has proved useful for the propagation and testing of 
agents against acute lymphocytic leukaemias established 
from children [4]. It has been well recognised that when 
human cancers are transplanted into mice they retain 
many characteristics of the original tumour (histology, 
chromosomal abnormalities, surface antigen expres- 
sion). Although subcutaneous tumours metastasise 
infrequently this rate is increased when transplanted to 
orthotopic (natural) sites. However, from the perspec- 
tive of drug sensitivity, at least to the conventional 
cytotoxic agents that comprise most of our current 
experience, the subcutaneous models appear relatively 
predictive. That is, agents known to be active in a clin- 



Table 1 

Sensitivity of rhabdomyosarcoma and colon adenocarcinoma xeno- 
grafts to conventional cytotoxic agents 



Agent/tumour type 


Objective response n 
(%) in the model 


ite Objective response rate 
(%) in the clinic 


Rhabdomyosarcoma* 






Vincristine 


78 


59 


Cyclophosphamide 




54 


Actinomycin D 


11 


24 


Doxorubicin 


19 


31 


Colon carcinoma 






Vincristine 


0 


<10 


Cyclophosphamide 


' 0 


<10 


Actinomycin D 


0 


<10 


Doxorubicin 


0 


<10 


5-fluorouracil 


17 


15-20 


Methyl CCNIJ 


17 


15-20 



a References [5,6] (and references therein). 



ical disease can be identified as active in the models. 
Examples are shown in Table 1, and summarise the 
preclinical and clinical activities of vincristine, cyclo- 
phosphamide, actinomycin D and doxorubicin against a 
panel of childhood rhabdomyosarcomas [5,6], and also 
colon adenocarcinomas (unpublished data). When one 
uses objective response (i.e. partial response or >50% 
volume regression) as the criterion for 'activity' the 
results are rather interesting. The rhabdomyosarcoma 
'model' identifies agents known to be active in this dis- 
ease, whereas the same agents have little activity against 
colon carcinoma xenografts. This, at least, indicates 
that tumour responsiveness is not merely a consequence 
of heterografting tumour into the mouse. We have now 
established comprehensive panels of different childhood 
solid tumours and where there are adequate data to 
make reasonable judgments, similar correlations have 
been found. For example, atypical teratoid rhabdoid 
tumours (ATRT) of the central nervous system or kid- 
ney are essentially resistant to all agents tested in the 
model, consistent with their known clinical sensitivity. 
In contrast, xenografts of histologically favourable 
Wilms' tumours (nephroblastoma) established from 
patients before treatment are exquisitely sensitive to 
vincristine, actinomycin D and cyclophosphamide (J. 
Dome, P. Houghton, data not shown) agents that are 
used in the curative treatment of this cancer. Wilms' 
tumours established as xenografts from patients at 
relapse are far less sensitive to these agents, consistent 
with previous observations with models of rhabdomyo- 
sarcoma and acute lymphocytic leukaemia [4,5]. Poor- 
prognosis Wilms' tumours having diffuse anaplastic 
histology are also poorly responsive as xenografts to 
conventional chemotherapy agents. Thus, there seems 
to be a reasonable correlation between drug activity in 
these preclinical models and their known activity against 
the same clinical disease. So, if there is such a good retro- 
predictive correlation, what goes wrong when we try to 
extrapolate from preclinical to clinical activity? 



3. Prospective use of xenograft models 

The first prospective use of xenograft data followed 
perhaps our observation that melphalan had very sig- 
nificant activity against the 'diagnosis' panel of rhabdo- 
myosarcomas [7]. In a phase II clinical trial in 13 
patients who had failed standard chemotherapy, mel- 
phalan demonstrated marginal activity (one partial 
response). However, pharmacokinetic analysis showed 
that exposure to this agent in children was essentially 
similar to that in mice at doses inducing tumour regres- 
sion. Consequently, we extended the trial to include 
children at diagnosis with very advanced disease and a 
dismal long-term outcome [8]. Against disease at diag- 
nosis melphalan demonstrated very significant activity 



J.K. Peterson, P. J. Houghton / European Journal of Cancer 40 (2004) 837-844 



(10 objective responses in 13 patients). This study was 
important for two reasons. It taught us that the pre- 
clinical model used to select an agent for clinical trial 
should closely mimic that patient population against 
which it will be tested (i.e. diagnosis models may not 
predict for relapse), and that comparative drug expo- 
sures may be one metric that should be considered in 
predicting clinical antitumour activity. Some examples 
of drugs that showed activity in preclinical childhood 
tumours, and their success or failure in clinical trials, 
are summarised in Table 2. DMP840, Carzelesin, and 
Sulophenur each showed activity in the preclinical 
model [9-11], but failed to demonstrate significant 
activity in either phase I or IT clinical trials. Examin- 
ation of the systemic exposure (area under the con- 
centration-time curve; AUC) to each agent at the 
maximum tolerated dose (MTD) in mice and that 
achieved at the MTD in phase I testing is shown in the 
table, as is the range of drug doses (relative to the MTD 
in mice) over which the agents caused objective tumour 
regressions. For these agents it would be predicted that 
adequate systemic exposure in patients would not be 
attained to achieve significant antitumour activity. For 
example, even at the minimum dose of DMP840 causing 
tumour regressions in the mouse (approximately 30% of 
the MTD) the systemic exposure is still 5-fold higher in 
rodents than can be achieved in patients. In contrast, it 
would be anticipated that exposures to melphalan, 
topotecan and irinotecan (in this case the active meta- 
bolite SN-38) would be adequate to anticipate clinical 
antitumour activity. Indeed, as with melphalan, both 
topotecan and irinotecan are highly active drugs in the 
treatment of rhabdomyosarcoma [12-14]. This 
approach has been extended to the design of clinical 
trials [1 5] in which a retrospective analysis of the expo- 
sure to topotecan required to induce objective regres- 
sions in most neuroblastoma xenografts [16] was used to 
define an optimal target for drug exposure in children. 
Preliminary results indicate that the doses in children 
can be adjusted to achieve the exposures that caused 
regressions in this model of relapsed neuroblastoma 
[15]. Further, clinical responses in this trial are con- 
sistent with the predictive value of the model. In a sub- 
sequent phase II clinical trial, targeting the daily 
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topotecan lactone exposure to achieve 100 ng/h per ml 
yielded a high response rate (58%) in newly diagnosed 
patients with advanced neuroblastoma, consistent with 
that predicted by the neuroblastoma xenograft models 
[17]. 

The evaluation of the illudin S derivative Irofulven 
(MGI-114) serves to illustrate how pharmacokinetic 
studies may be valuable in making informed decisions 
on clinical development. As shown in Table 3, Irofulven 
shows rather dramatic activity against a panel of 20 
tumour xenografts derived from various types of brain 
tumour, neuroblastoma and rhabdomyosarcoma [18]. 
Indeed at the MTD (approximately 4.6 mg/kg), objec- 
tive regressions in 14 or 18 models were obtained. 
However, at 1.3 mg/kg this agent demonstrated poor 
activity, causing regression in only one of 14 tumour 
models examined. At dosages in mice ranging from 1.3 
to 7.0 mg/kg (4.0-22 mg/m 2 ), the daily systemic expo- 
sure to Irofulven ranged from 214 to 1152 ng/h per ml. 
This is compared with the systemic exposure associated 
with the maximally tolerated dosage from the adult 
phase I clinical trial of Eckhardt and colleagues [19] 
(Fig. 1). For the clinical trial the mean (±SD) daily 
AUC for Irofulven at the MTD were approximately 




0 5 10 15 20 

IrofulvenDose (mg/M 2 ) 



Fig. 1 . Relation between Irofulven systemic exposure (area, under the 
curve; AUC) in man and mouse. Data, replotted from Eckhardt and 
colleagues [18], show the daily AUC in individual patients enrolled in 
a phase I clinical trial of Irofulven (closed symbols). Shown also are 
AUC determined in mice following administration of Irofulven (21 
mg/rn 2 ) to mice not bearing tumours (open symbols). Data are from 
Leggas et ah [17]. The dashed line shows the approximate AUC in the 
mouse over a dose range similar to that in patients (assuming linear 
pharmacokinetics). At the minimum effective dose in mice (4 mg/m 2 ) 
the systemic exposure still significantly exceeds that in patients at the 
maximum tolerated dose (MTD) (15 mg/m 2 ). 



Table 2 

Retrospective analysis of drug response-exposure correlations in childhood tumour models 

Agent AUC at mouse MTD Effective dose range from the mouse MTD a 

AUC at human MTD 



DMP840 15-20 approximately 

Carzelesin Approx. 80 <2 

Sulophenur Approx. 8 Approx. 3 

Melphalan 1 Approx. 3-4 

Topotecan Approx. 3 > 10 

Irinotecan Approx. 16 > 100 



1 Effective range is defined as the minimal drug dose causing 50% tumour regression relative to the MTD in mi' 
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33 ±15 ng/ml per h and 50 ± 1 8 ng/1 per h on days 1 and 
5, respectively. In Fig. 1 the systemic exposure achieved 
in mice (at 7 mg/kg, equivalent to approximately 22 mg/ 
M 2 ) is superimposed upon clinical results obtained in 
the phase I trial of Irofulven. An important considera- 
tion when comparing systemic exposures for Irofulven 
across species is the contribution of protein binding. 
The in vitro serum protein binding shows that Irofulven 
is 80-82% bound in mice and 51-52% bound in man 
(over a concentration range from 500 to 1000 ng/ml). 
Although a slight difference in protein binding exists 
between species, it cannot account for the greater than 
6-fold difference in plasma systemic exposure between 
that required for even minimal antitumour effect and 
that tolerated in the adult phase I study. These results 
help in understanding the 'disconnect' often observed 
between results from preclinical testing and clinical 
activity. Comparing those systemic exposures that yield 
significant antitumour activity against human cancers in 
mice with systemic drug exposure at the MTD in patients 
may identify, at a relatively early stage in development, 
those agents that will ultimately fail in the clinic. While 
such data are not available before testing in man, such 
'retro translation' 1 can be rather useful in making 
informed decisions about advancing an agent to phase 
II testing. 



3.1. Predicting human pharmacology 

As described above, perhaps the greatest challenge in 
achieving relative uniformity between the research con- 
ditions present in the preclinical and clinical settings is 
accounting for the pharmacokinetic differences between 
mouse and man. The conventional approach is to eval- 
uate the absorption, distribution, metabolism and 
excretion (ADME) properties to select compounds that 
have acceptable pharmacokinetic properties. Because of 
the complexity of factors involved in ADME, several 
approaches have been proposed to develop accurate 
methods for predicting the human pharmacology of an 
agent. This prediction is particularly important for 
agents that demonstrate marked interspecies differences 
in their pharmacokinetics. Conventional allometric 
scaling (CAS) is the most commonly used technique for 
predicting human pharmacokinetic variables [20]. 
Nomura and colleagues have applied these principles to 
calculating the clinically effective doses (CED) of anti- 
cancer agents in the context of human xenograft 
experiments [21]. An example of their studies using 
mitomycin C is shown in Fig. 2. Based upon rates of 
drug clearance and the toxic doses in several species, 
they calculated the CED. Allometric scaling has pro- 
vided useful information for a number of compounds 



Table 3 

Antitumour activity of Irofulven against childhood tumour xenografts 



Tumour 


Dose (mg/kg) 














7.0 




3.0 




2.0 


1.3 a 


DAOY 














D283 














SJ-BT12 


ND 




+ /-* 








SJ-BT16 














SJ-BT27 


ND 












SJ-BT29 










ND 


ND 


SJ-BT33 














SJ-BT34 










ND 


ND 


SJ-BT36 














SJ-BT37 














SJ-BT40 














SJ-GBM2 










ND 


ND 


NB-1771 


ND 


ND 










NB-1382 










ND 


ND 


NB-1643 










ND 


ND 


NB-1691 












ND 


Rhl8 














Rh28 














Rh30 


ND 


ND 


ND 








Rh36 














CR + PR/Total 


14/16 


14/18 


8/19 




3/16 


1/14 


Response criteria: no 


growth inhibitor 


; + , growth inhibition equals or 


e tumour-volume doubling 




growth inhibition equals two 


tumor-volume doubling 


times; + + + , growth stasis; + + + + , partial response ( > 0% regression; PR); 




, complete response (CR) with 


regrowth by week 12; + 


+ + + + +,CRrr 


aintained at week 12 (no regrowth by week 12); ND, 


not determined. 




* Growth inhibition n 


ot significant (P> 


0.05); all other results were significantly different frorr 


controls (i»<0.05) 





1 A termed coined by Scott Kaufmann at Mayo Clinic to describe such studies. 
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that are metabolised and eliminated via the kidney [22]. 
The method is less robust for agents whose elimination 
is due to active transport in the liver or kidney. Such 
agents generally show large variations in interspecies 
pharmacokinetic properties. Newer methods incorpor- 
ating additional scaling factors such as time normal- 
isation, protein binding, brain weight and liver 
conjugation activity have been proposed [23]. For drugs 
eliminated by liver metabolism alone or by metabolism 
and elimination in the bile, other factors such as bile 
flow rates and in vitro microsome or hepatocyte meta- 
bolism have been used to normalise the in vivo clearance 
and have improved the prediction of their in vivo human 
clearances. An alternative approach to modelling, 
termed physiologically based pharmacokinetics 
(PBPK), has been proposed recently by Poulin and 
Thiele [24]. This model allows prediction of disposition 
profiles based on the physicochemical and biochemical 
properties of the drug combined with the species-specific 
physiological characteristics. The value of PBPK pre- 
diction is highly dependent on input variables such as 
tissue:plasma partition coefficients and in vivo blood 
clearance. A comparison of the predictive value of 
PBPK using the antimicrobial diaminopyrimidine, epiro- 
prim, an agent that has marked species differences in its 
elimination pathways, has recently been reported [23]. 
The best prediction of human pharmacokinetics was 
made by using the tissue composition model to predict 
tissue:plasma partition coefficients, and allometric scal- 
ing of the animal's intrinsic in vivo blood clearance nor- 
malised by the ratios of animahhuman intrinsic 
clearances determined in vitro with hepatocytes. We are 
unaware of similar studies with anticancer drugs, but it 
may be of interest to test the predictive value of the 
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models using some of the 'failed' antitumour agents 
discussed above. 

3.2. Molecular-target inhibition 

The discussion above on the role of pharmacokinetic 
modelling, and the 'disconnect' between preclinical and 
clinical results, is based largely on our experiences with 
classical cytotoxic agents. However, there is an increas- 
ing focus on developing novel agents that target specific 
molecules that drive the transformed phenotype. The 
now 'classic' example is Imatinib, a 2-phenylamino- 
pyrimidine that inhibits the Bcr/Abl kinase in chronic 
myelogenous leukaemia, and c-kit kinase in gastro- 
intestinal stromal tumours. In developing agents against 
very specific targets it is a reasonable concern whether 
conventional xenograft models will be valuable for 
identifying and prioritising such compounds for clinical 
development, or whether this is the role of genetically 
engineered mouse models? Clearly, where a tumour is 
'driven' by a single genetic change (i.e. overexpression 
of a receptor as in HER2 amplification, or mutation 
leading to constitutive activation of a tyrosine kinase as 
in the case of Bcr/Abl) there should be an absolute 
correlation between target inhibition and biological 
response. For example when induced by doxycycline, 
bitransgenic MMTV-rtTA/TetO-NeuNT mice develop 
multiple invasive mammary carcinomas that regress 
completely following abrogation of Neu expression [25]. 
In other cases, such as overexpression of ERBBl, there 
is less 'coupling' between target inhibition and the bio- 
logical response of human tumours (e.g. the effect of 
Gefitinib). Thus, although genetically engineered 
models may be very useful for testing the ability of a 




0.1 1.0 10 100 0.01 0.1 1.0 10 100 

Body weight (kg) Body weight (kg) 



Fig. 2. Use of allometric scaling to estimate the clinically effective dose (CED) for mitomycin C. The CED is calculated as the human AUCxmouse 
CLtoj. The left panel demonstrates clearance against body weight for various species. The right panel plots the maximum tolerated dose (MTD) as a 
function of body weight in different species. (From Nomura et al. [21]. Figure originally published in [31], Mordenti J. Dosage regimen design for 
pharmaceutical studies conducted in animals. J Pharm Sci 1986, 75, 852-857. Reproduced with permission of John Wiley & Sons, Inc. Copyright 
©1986 Wiley-Liss, Inc., A Wiley Company. URL: http://www3.interscience.wiley.com/cgi-bin/jabout/68503813/ProductInformation.htm). 
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compound to inhibit its putative molecular target, they 
do not necessarily predict that the target itself will be 
coupled to the biological 'read-out' in real human can- 
cers. Indeed, the value of the xenograft model might be 
that such 'coupling' information could be obtained at 
an early stage in preclinical development. One can 
extend the principles of relating pharmacokinetics to 
tumour response to encompass target inhibition in the 
model system. These experiments, which require sam- 
pling of tumour tissue at multiple time points, are used 
to construct a pharmacodynamic model that relates the 
amount and duration of target inhibition to the tumour 
response. This approach has been used extensively in 
the development of the MEK1 inhibitor PD184352 [26]. 
Such studies can be extended to establish a correlation 
between target inhibition and drug systemic exposure in 
the mouse model, and potentially allow for predicting 
both dose and frequency of drug administration in 
patients. Of essence, however, is that the models used 
should accurately parallel the metabolic characteristics 
of human cancers with respect to target expression and 
dependence. Whether the models commonly used for 
drug development meet these criteria is less well estab- 
lished. Most commonly used models in drug develop- 
ment have been grown in cell culture for many years 
and may have deviated significantly from the original 
human cancer. Our experience with rhabdomyosarcoma 
cell lines suggests that significant changes occur with 
serial passaging in vitro, and indeed tumours established 
from such in vitro cultured lines have very different drug 
sensitivities from those of the 'parental' tumours estab- 
lished directly from biopsies and maintained in mice. In 
general our studies have limited the use of tumours to 
the first 30 serial passages in mice in an attempt to limit 
such 'drift'. However, it should now be possible to 
determine more accurately whether the model is repre- 
sentative of the original tumour, and how long it can be 
passaged in mice before it deviates significantly. A 
recent initiative by the NCI/ Cancer Treatment Eval- 
uation Program (CTEP) and the Children's Oncology 
Group aims to characterise the available models of 
childhood tumours through gene-expression and pro- 
teomics profiling (Pediatric oncology preclinical protein 
tissue array project; POPP-TAP). These data will be of 
value in establishing whether tumours grown as xeno- 
grafts maintain molecular characteristics that will be 
essential for their use in developing so-called molecu- 
larly targeted therapies. Where we have access to the 
original tumour we have started to compare expression 
profiles between the biopsy and early-passage xenograft 
tumours. Initial' results (J. Dome, P. Houghton, data 
not shown) with Wilms' tumours look promising in that 
there is a very high correlation between primary tumour 
and xenograft, particularly for more highly expressed 
genes. This technique may be very useful for monitoring 
changes in gene expression with continuous passage of 



tumour in mice, and for setting criteria that allow us to 
determine the number of passages over which a parti- 
cular model remains valid. 

3.3. Application of preclinical in vivo models to 
childhood cancer 

Developing new therapies for childhood solid 
tumours has certain constraints that are seldom 
encountered with the neoplastic diseases of adults. 
Childhood tumours are rare, with about 12500 new 
cases in patients less than 21 years old each year in the 
United States; hence, the numbers of children with a 
particular diagnosis at any one institution are usually 
not adequate for large-scale drug evaluation or rando- 
mised clinical trials. For example, of the new phase I 
agents evaluated in adult malignancies, less than 30% 
receive adequate evaluation in children. Furthermore, 
the NCI drug-screening strategy focuses on the selection 
of new anticancer agents with specific activity against 
adult neoplastic diseases (e.g. colon, lung, breast, pros- 
tate etc.), so that agents with specific activity against 
childhood malignancies may not be identified. Many 
common solid tumours of childhood respond to drugs 
of established efficacy, resulting in cure for a substantial 
number of patients. This ethically precludes the use of 
'experimental' agents in many untreated cases. How- 
ever, over the last decade, survival rates for patients 
with disseminated tumours at diagnosis have improved 
only slightly, if at all. This lack of progress must be 
attributed in part to the slow rate at which new active 
compounds reach the clinic, and the failure to integrate 
laboratory and clinical efforts in a way that will gen- 
erate a steady flow of promising experimental leads that 
can be used in the design of productive approaches to 
treatment. The results obtained using the xenograft 
models of childhood tumours suggest that the integra- 
tion of preclinical pharmacology and the rational use of 
such tumour models could provide a system for identi- 
fying, and prioritising, novel agents for clinical trials in 
children. However, a systematic approach has yet to be 
established. 

To address this problem, NCI/CTEP initiated a series 
of meetings that resulted in a consensus document [27] 
detailing the available models of childhood tumours. 
These models included human xenografts, syngeneic 
rodent tumours and genetically engineered (knockout 
and transgenic) mice that would be available for a 
national effort to screen new agents. A tentative plan for 
evaluating new agents that incorporates the principles 
of integrating pharmacokinetic and pharmacodynamic 
studies discussed above is presented in Fig. 3. In this 
schema, drugs that are close to entering clinical trials, or 
are in early-stage clinical development (phase I in 
adults) will be screened against panels of childhood 
cancers including the more frequently occurring solid 
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tumours and acute lymphocytic leukaemia. In this pro- 
posal, new agents are screened initially at the MTD in 
each panel comprising 6-10 independently derived 
xenografts representing a tumour type (e.g. neuro- 
blastoma). Where available a transgenic model will be 
included. For example the targeted overexpression of 
the human MYCN proto-oncogene to the neural crest 
of C57B6/JxBalb/c or 129Xl/SvJ mice predisposes the 
animals to develop neuroblastoma with high penetrance 
[28]. Similarly, models of rhabdomyosarcoma [29] and 
medulloblastoma [30] have been developed and may be 
utilised in the screening. Where the agent demonstrates 
significant activity (i.e. regression for an agent expected 
to be cytotoxic, and <25% tumour growth for a cyto- 
static), a full dose-response correlation together with 
pharmacokinetic and, where appropriate, pharmacody- 
namic studies will be undertaken. For agents that inhi- 
bit signal transduction, pharmacodynamic studies may 
be necessary even in the absence of significant anti- 
tumour activity, as it will be important to establish that 
drug exposures in the mouse are indeed adequate to 
inhibit the drug target. The approach presented in Fig. 3 
reflects much of the uncertainty over the development of 
'molecularly targeted' agents. That is, should we evalu- 
ate the agent only against tumours expressing the target, 
or do we 'assume' that the agent may have numerous 
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targets (e.g. most tyrosine kinase inhibitors). Hopefully, 
the POPP-TAP initiative will ultimately catalogue 
'molecular targets' in these tumours and have the 
potential to identify activated pathways that would 
allow 'matching' of drug to particular tumour models. 
Should we test such agents at a dose that gives a biolo- 
gical response (i.e. target inhibition) or at the MTD? 
The simplest approach is to test at the MTD, irrespec- 
tive of the drug mechanism. The 'up side' of this is that 
it reduces the number of false-negative results, but 
potentially will increase the number of false positives. 
For example, the mouse may be highly tolerant of an 
agent, so allowing high systemic exposure to the drug 
and revealing antitumour activities independent of the 
primary molecular target. If such exposures cannot be 
achieved in man, then it is likely that any antitumour 
activity determined in the models will not be reproduced 
in the clinic. 

In summary, when antitumour activity in preclinical 
in vivo models of childhood cancer is integrated with 
pharmacological studies, there appears reason to be 
optimistic about the predictive value of such experi- 
ments. While one may have reason to be optimistic, one 
should also be cautious and not extrapolate beyond the 
real use of any model system. The project outlined in 
Fig. 3, if it is initiated, will be an interesting experiment 
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that will test the value of integrating pharmacokinetic 
and pharmacodynamic studies with antitumour testing 
as a paradigm for drug development, particularly for 
rare cancers. 
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ABSTRACT 



Vesicular stomatitis virus (VSV) has recently been demonstrated to exhibit 
significant oncolytic capabilities against a wide variety of tumor models in 
vitro and in vivo. To potentially enhance the oncolytic effect, we generated a 
novel recombinant VSV (rVSV) that expressed the fusion suicide gene Esch- 
erichia coii cytosine deaminase (('l))/uracil phosphoribosyllranslVrasc 
(UPRT). rVSV encoding the CD/UPRT fusion gene (VSV-C:U) exhibited 
normal growth properties and generated high levels of biologically active 
CD/UPRT that could catalyze the modification of 5-fluorocytosine into che- 
uiolherapeulic 5-fluorouracil (5-FU), which exhibited considerable bystander 
effect. Inlraliimoral inoculation of VSV-C:U in the presence of the systemi- 
cally administered prodrug 5-fluorocytosine produced statistically significant 
reductions in the malignant growth of syngeneic lymphoma (A20) or mam- 
mary carcinoma (TSA) in BALB/c mice compared with rVSV treatments or 
with control 5-FU alone. Aside from detecting prolonged therapeutic levels of 
5-FU in VSV-C:U-treated animals harboring TSA tumors and enhancing 
bystander killing of tumor cells, we demonstrated marked activation of 
IFN-y-secreting cytotoxic T cells by enzyme-linked immunospot analysis that 
may have also facilitated tumor killing. In conclusion, the insertion of the 
fusion CD/UPRT suicide gene potentiates the oncolytic efficiency of VSV by 
generating a strong bystander effect and by contributing to the activation of 
the immune system against the tumor without detrimentally altering the 
kinetics of virus-mediated oncolysis and may be useful in the treatment of 



INTRODUCTION 

The delivery of suicide genes into malignant cells affords the 
opportunity of increasing the efficacy of tumor eradication while 
limiting toxic side effects that are often found with systemic chemo- 
therapy (1). Suicide gene therapy involves the transduction of cancer 
cells with a nonmammalian gene encoding an enzyme that converts a 
relatively innocuous, systemically delivered prodrug into a highly 
toxic chemotherapeutic (1). However, a major issue when considering 
enzyme-prodrug systems for the treatment of cancer remains the 
effective transport of the suicide gene into the appropriate tumor 
tissue- Although a number of strategies have been used to target tumor 
ceils effectively, including the use of replication-defective virus vec- 
tors, problems associated with low levels of gene transfer and expres- 
sion are encountered frequently (2). 

Recently, we genetically modified a replication- competent onco- 
lytic virus. VSV, 1 to carry foreign genes such as cytokines (3). We 
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reasoned that this approach could improve tumor cell killing by 
combining the effect of direct viral oncolytic activity with the aug- 
mented antitumor immune responses or, in the case of suicide genes, 
bystander cytotoxic action. VSV is an enveloped, negative-stranded 
RNA virus with a simple genetic structure of five genes and well- 
characterized immunobiology (4). VSV is relatively innocuous in 
humans, inducing at the most a flu-like syndrome (5). However, the 
majority of the population lacks antiviral antibodies that could con- 
ceivably limit virus treatment, and in general, the incidence of expo- 
sure to the VSV is low (6). VSV is a nonintegrating virus that 
replicates in the cytoplasm, does not undergo genetic reassortment, 
and has no known transforming potential (4). Evidence indicates that 
the mechanism of VSV-induced oncolysis involves taking advantage 
of defects in the IFN host defense system prevalent in tumor cells. 
Lack of an effective IFN response allows propagation of virus, leading 
to rapid cytolysis (7, 8). Our attempts at improving the efficacy of 
VSV tumor therapy have indicated that rVSV is easy to generate and 
is amenable to high-titer production and purification (3). rVSV vari- 
ants generated thus far have also demonstrated greater oncolytic 
activity than the WT virus in tumor therapy studies and appear greatly 
attenuated in vivo compared with the WT parent virus (3). 

CD is a well-characterized enzyme-prodrug system that functions 
similar to the herpesvirus TK paradigm (9, 10). However, CD is an 
enzyme found in bacteria and fungi and not mammalian cells that can 
catalyze the hydrolytic deamination of the relatively nontoxic anti- 
fungal agent 5-FC to the commonly used chemotherapeutic 5-FU. 
5-FU can be further modified by cellular enzymes into potent pyrim- 
idine antimetabolites, which induce cell death by inhibiting thymidine 
synthetase and DNA and RNA synthesis (11). 5-FU has also been 
reported to diffuse freely through cellular membranes to generate a 
strong direct bystander effect (12). Reports using human colorectal 
xenograft murine models indicated that transfection of 4% of the 
tumor cells with Escherichia coli CD gene led to survival rates of 60% 
(13). However, limited success has been reported in several experi- 
ments that used selected breast and pancreatic tumor models because 
such cells were found to be relatively resistant to 5-FU, possibly 
attributable to defects in downstream cellular pathways that are re- 
sponsible for the metabolism of this enzyme (14, 15). In support of 
this hypothesis, expression of bacterial or yeast UPRT in mammalian 
cells was found to greatly enhance the sensitivity of the cells to 5-FU 
(15, 16). UPRT is an enzyme that catalyzes the conversion of uracil 
and 5-FU directly into UMP and 5-fluoro-UMP, respectively, by 
bypassing rate-limiting reactions controlled by the cellular enzymes. 
Coexpression of CD and UPRT has been reported to increase the 
sensitivity to 5-FC 10—168 times when compared with CD alone, 
depending on the experimental model used (15-17). 

To examine whether the CD/5-FC system could be used with rVSV 
as a vector delivery system, we generated a novel rVSV suicide gene 
model expressing the E. coli CD/UPRT fusion gene (rVSV-C:U). We 
show here that the expression of the foreign gene does not detrimen- 
tally affect VSV replication and results in the generation of high levels 
of CD and UPRT enzyme activity after infection of the cell. Impor- 
tantly, rVSV-C:U retained selective oncolytic activity and displayed 



effective bystander effect in vivo and in vitro with c 
cell killing. Our data indicate that incorporating CD-based strategies 
into rVSV-mediated gene therapy protocols may improve the onco- 
lytic potential of this tumor treatment approach. 



MATERIALS AND METHODS 

Chemicals. [ 3 H]Cytosine (9.5 Ci/mmol), [2- 14 C]uracil (54 mCi/mmol), 
5 ph ->vhoi ""o ' I 1 puq h v 1 "! ii m <- 1 me UMP 11 FC, low EEO 

ype 1 i -> i i 3 ml hi i 1 1 i I > ! t I If re pur- 

chased from Sigma Chemical Co. (St. Louis, MO), and streptavidin-alkaline 
phosphatase was purchased from Jackson IminunoRe-'-arch Lab>rito,its 
(West Grove, PA). hIFN-a-2a and gancyclovir were obtained from Roche 
Laboratories, Inc. (Nutley, NJ), and 5-FU was purchased from Pharmacia & 
Upjohn Co (Kalamazoo, MI). Antimouse IFN-7 antibodies and biotinylated 
anti-IFN-7 monoclonal antibodies were acquired from PharMingen (San Di- 
i ( CA) Fl ( S inJ pit tf 1 iK! 1 m 1 1 1 ^ 11 1 d H t c n it ju 1 1 
from EM Science (Gibbstown, NJ), and Nunc MaxiSorp plates were obtained 
from Nunc (Naperville, IL). 

Cell Culture. Human multiple myeloma cell line 8226/Dox40 was a gift 
from Dr. L. H. Boise (University of Miami; Ref. 18), and the murine T-cell 
lymphoma EL4 and the murine B-cell lymphoma A20 were gifts from Dr. J. 
Rosenblatt (University of Miami; Refs. 19 and 20). The TSA mammary 
adenocarcinoma cell. Sine was a gift from Dr A. EuiojbJ^ ah 1' m. :rsit; oi 
Wisconsin, Madison, WI; Ref. 2). B16(F10) melanoma ceils, 293T embryonal 
kidney cells, and the BHK cell line BHK-21 were purchased from American 
Type Culture Collection (Manassas, VA). HMVEC, a human microvascular 
n J 1 Li 1 Si 1 11 tcquired ft 1 C 1 "> 1 ti ' 1 1 3 1 1 D o, CA). 

Cells were grown in suspension or in monolayer in the recommended culture 
medium with fetal bovine serum. 

Construction of Recombinant Virus. The recovery of the infectious re- 
combinant viruses and lite growth, purification, concentration, and titration of 
the WT and recombinant viruses were performed according to the methods 
described previously (21, 22) The C:U gene was PCR amplified from the 
pORF-codA: :upp expression vector (InvivoGen). The primers were 5'- 
GAACTCGAGCCACTATGGTGTCGAATAACGCTT and 3'-GTCGAGC- 
TAGCGAATTTCGACAAGCTTATTTCGTACC, introducing Xhol and Nhel 
restriction sites, respectively. The C:U cDNA was then excised from the 
amplification product with Xhol and Nhel and cloned into the XhoVNhel site 
of pVSV-XN2 (23) using a Zero Blunt TOPO shuttle vector (Invitrogen, 
Carlsbad, CA). The plasmid pVSV-XN2 contains the entire VSV genome and 
has unique. Xhol and Nhel sites flanked by VSV transcription start and stop 
signals. After recovery of the infectious rVSV in BHK cells, monoclonal virus 
was obtained by plaque purification and further purification, and concentration 
was achieved by sucrose centrifugation. Virus stock titers were measured by 

CD Enzyme Assay Measured Spectrophotoiiietrkally. CD activity was 
m m I uiu tl by using cell 1 ! h 11 J 1 1% L> m u 11 1 
leKi-ed sn ih>* culture media 1-11K . el\ (5 X JO 1 were injected with 
rVSV-GFP at MOI = 5.0, rVSV-C:U at MOI = 0.1, or rVSV-CU at 
MOI = 5.0. To measure 5-FU in culture media, 5 mM 5-FC was added to the 
media 2 h postinfection. Samples of culture media (10 pi) were collected at 
different time points and quenched with 990 pi of 0.1 M HC1. To measure C:U 
activity using ceil lysates, 6 h postinfection cells were washed twice with PBS, 
resuspended in PBS at a concentration of 5 X 10 6 cells/100 pi PBS, and 
exposed to fiv «_> I >f i[ i\ 1 1 t in 1 U i' 1 at 1 fl 1 mixed 
with 950 pi of 3 mM solution of 5-FC in PBS and incubated at 37°C. At 
du'eu nt Lrne points 50 ;il arupl :s were collected and quenched with 950 m! 
of 0.1 mM HC1 (24). 

The 1 >n r nli ition ol 5 I 1 1 id 5 J C 1 n 1 1 ti nJit'. n wa 1 termine 1 
spectrophotometrically using the following formulas: 5-FC (mM) = 
().119(A 290 ) - 0.025(A 225 ); and 5-FU (mM) = Q.185(,4 225 ) - 0.049(A 290 ). Each 
experiment was performed independently three times. 

CD and UPRT Chromatographic Assays. CD and UPRT enzymatic 
activities were measured as described previously (14, 15, 25). 293T cells were 
transfected with C:U gene using the LipofectAMINE system. Confluent BHK 
cells were infected with rVSV-C:U at MOI = 0.1 or MOI = 5.0. For CD 
activity, 6 h postinfection BHK-infected cells, 293T-transfected cells, and 



293T and BHK control cells were harvested in a mixture of 100 mM Tris (pH 
7.5), 1 mM EDTA, and 1 mM DTT at a concentration of 1 X 10 6 cells/10 pi 
lysis buffer and frozen. At the time of enzymatic measurements, cells had gone 
through in- reeze/thaw cycle , ma cellu u debri wa rei loved by centrif- 
ugation (5 min at 14,000 rpm). For UPRT activity, BHK-infected cells (6 h 
postinfection) or control BHK cells were harvested in iysis buffer [50 mM Tris 
HC1 (pH 7.5), 150 mM NaCl, 5 mM EDTA, 1 mM DTT, and 1% Triton X-100] 
at a concentration of 1 X 10 6 cells/10 pi lysis buffer and incubated for 30 min 
at 4°C. Ten pi of cell lysate were mixed with 10 pi of [ 3 H]cytosine (0.5 pCi) 
for CD activity or with 10 pi of reaction buffer [100 mM Tris-HCl (pH 7.5), 
10 mM MgCL, 10 mM 5-phosphoribosyl- 1 -pyrophosphate, and 1 p\ of uracil- 
5,6- 3 H (1 pC\j\ for UPRT activity and incubated at 37°C for 2 h. Ten pi of 
each reaction and ] 0 pi of a marker solution (unlabeled cytosine and uracil or 
uracil and UMP) were loaded on TLCSs for CD activity or on propidium 
iodide- TLCSs for 'UPRT activity and chromatographed in butanol/water (86: 
14). The bands corresponding to cytosine and uracil or to uracil and UMP were 
cut out under short-wave UV illumination, and the radioactivity was assayed 
by liquid scintillation counter. Each experiment was performed independently 
three times. 

Kinetics of Cytolytic VSV and One-Step Growth Curve. BHK-21 cells 
were infected with WT-VSV, rVSV-GFP, rVSV-TK, or rVSV-CU at 
MOI = 10. After 45 min, infection media were removed; cells were washed 
li\» tnu.- v.jth PB~> and covered w Ih iiesh media \t ihe ndicated tin 
points, samples of culture media were collected, and viral titers were measured 
by standard plaque assay (5). For analysis of virus replication and cytolysis 
after infection with low-dose virus, BHK cells were plated at 10 6 cells/well in 
6-well dishes and infected 18 h later with MOI = 0.01 of WT-VSV, rVSV- 
GFP, rVSV-TK, or rVSV-C:U for 45 min, washed once with PBS, and covered 
with fresh media. At 12,18, 24, and 28 h, cells were examined by microscopy. 
At 24 and 48 h, cell viability was assayed by trypan blue, exclusion, culture 
media samples were collected, and viral titers were measured by standard 
plaque assay. 

In Vitro Evaluation of the Effect of 5-FU Bioactivation and Effect of 
5-FU and 5-FC on Virus Replication. TSA or BHK cells were plated at a 
density of 5 X 10 s cells in 6-well dishes and treated (in triplicate) with 
different concentrations of 5-FU or 5-FC (1, 3, 6, and 10 /mm and mM, 
respectively). After 24 h, cells were infected with HI- VSV or rVSV-GFP at 
MOI = 0. 1 or 1 0. The percentage of infected cells was evaluated at 4, 1 2, and 
24 h by fluorescent microscopy. Samples of culture media collected at 24 h 
were used to measure viral, titers by standard plaque, assay. Ceil survival was 
'■te 1 ui J d b ti pan Mui taini 1" S 2 h \>'i . 1 1 we' • infected with 
HI- VSV, rVSV-GFP, or rVSV-CU at MOI = 0.1. After 4 h, infected cells 
, ere mixed in diileuni pi -pom.., with 11 minfecled cells at a total, concen- 
tration of 5 X 10 s cells/well in 12-well dishes, and 1 mM 5-FC was added to 
the iv 1 ( 11 111 i\ il \i luittd i> ti [ m 1 hi t iitn it' 1 i li 
HMVEC, A20, EL4, 8226/Dox40, or TSA cells were infected with rVSV-C:U 
at MOI = 0.1 or mock infected (HI- VSV) in the presence or absence of 1 or 
3 mM FC (in th( ase of \2U ( 1 il 1 S imples >i ultur : nil dia no" ea 1, 
condition were collected after 24 h and incubated at 60°C for 10 min to 
inactivate the virus and to preserve, the 5-FU activity (26). Aliquots of treated 
culture media were mixed in different ratios with corresponding fresh media 
and added to cells freshly plated at a density of 2 X 10 5 cells/well in 6-well 
plates. Cell survival was assayed by trypan blue exclusion after 96 h. Complete 
inactivation of VSV by heating at 60°C was checked by standard plaque assay. 

Virus/Suicide Gene System-Induced Cell Killing. HMVEC, TSA, 
B16(F10), 8226/Dox40, or EL4 cells were treated with rVSV-C:U at 
MOI = 0.1, in the presence or absence of 3 mM 5-FC. Cells treated with 5-FC 
alone, with HI- VSV, or with WT-VSV at MOI = 0.1 were used as control. 
Cell survival was evaluated by trypan blue exclusion after 18 h. 

IFN Protection Assay. HMVEC or 8226/Dox40 cells were cultured in 
lufilu. ite di hf- u 1 den it' <;1 ' A 10 5 cells/well, and 12 h later, 

hlFN-a (1000 Ul/ml) was added to the culture media in half of the dishes. 
\ i> 1 24 '1 1 'JtiHv 1t1et.ua v r re 1, no ed 1 id rdUN 1 tn ited li 1 .1 u 
treated cells were infected with WT-VSV, rVSV-GFP, rVSV-TK, or rVSV- 
C:U at MOI = 0.1. Postinfection samples of culture media (24 h) were 
olle ted for 'nil tnei aim ell ' laoihi 1 de< 1 tinned by 11 [ m blue- 
exclusion. A20 or control EL4 cells were infected with rVSV-GFP at 
MOI = 0.1, 10, or 100 and then cultured in 25-cm flasks at a density of 10 6 
ceils/ml. Postinfection cells (4, 8, 24, and 48 h) were resuspended, and samples 



were analyzed by fluorescent microscopy and flow cytometry for calculation 
of the percentage of GFP-positive ceils. A20 cells were infected with rVSV- 
C:U at MOI = 0.1 in the presence or absence of 1 mM 5-FC. Control cells were 
treated with 5-FC alone, HFVSV, or infected with rVSV-TK in the presence 
of f 0 ug/ml GCV or with WT-VSV at MOI = 0.1. Treated cells were cultured 
at a density of 5 X 10 s cells/ml in 25-cm flasks. At 24, 48, and 72 h 
postinfection, cells were resuspencied, and samples were collected for cell 
survival evaluation by trypan blue staining. 

Sensitivity to 5-FU. HMVEC or TSA cells were plated in 6-well dishes at 
a concentration of 2 X 10 s cells/well. A20 or EL4 cells were cultured in 25-cm 
flasks (kept upright) at the same density. Twelve h later, increasing concen- 
trations of 5-FU were added to die culture media. After 96 h, ceil survival was 
assessed by trypan blue counting and spectrophotometric measurements at 490. 
IC 50 level was defined as the concentration of 5-FU that induced 50% cell 
killing compared with control untreated cells (27). 

Experimental Tumor Models. All in vivo experiments were performed in 
accordance with the University of Miami animal care guidelines. BALB/c mice 
(8-week-old) were purchased from The Jackson Laboratory. A20 f I0 6 ) or TSA 
(10 s ) cells (in 100 /id of PBS) were injected in the right flank of each mouse. 
Once tumors were established (4 -5-mm diameter), mice were randomized in 
groups of five and six mice each. One group of mice received five daily i.p. 
injections of 30 mg/kg 5-FU. The other groups of mice received two injections, 
3 days apart, of 2 X 10 7 of either HI-VSV, rVSV-GFP, rVSV-TK (two 
groups), or rVSV-C:U (two groups). Skirting 24 h after the first virus injection, 
one group of mice that received an injection with rVSV-TK received 100 
mg/kg GCV, daily, i.p. for 7 days, and one group of mice that received an 
injection with rVSV-CU received 500 mg/kg 5-FC, daily, i.p. for 10 consec- 
it t I ij turn »is \ uit > i (i \ ei > at i 1 , us n t hrei ti ' 
tumor volumes were estimated using the following formula: vol- 
nni — km ih \ tin /2 Mies • 1 1 u il u\'k turn rs ne . 15 
mm in any diameter. Results were reported as (a) mean tumor volume of each 

of each group of mice over the period of 45 days of follow-up. For statistical 
analysis. Student's t test was used (3). For rechallenge experiments, at the end 
of 45 days, surviving mice free of A20 cells, a group of five control mice, and 
lie mice thai pi j > ouslj te*. h ed uV r<(e< t o wuh A20 cells but did not 
develop tumors were rechallenged with the same number of 10 6 A20 cells in 
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1 -> r \ m i u m nt 1 S turn >i \ in t lb i lnh i n li >n of 
10 s TSA cells in the right flank of each mouse. When the tumors reached 
p >i x 1 1 1 I J i n n ii ii miii i mi c i d 1 1 1 1 ml i I v -> ir ne 
group received 90 mg/kg 5-FU i.p., and animals were sacrificed at different 
lime points after the injection. Blood samples and tumors were collected. The 
other group of mice received one intratumoral injection of 2 X 10' rVSV-CU 
followed 24 h later by 500 mg/kg 5-FC i.p. Animals were sacrificed at different 
time points after having received the, i.p. injection, and blood samples and 
tumors were collected. The 5-FU extraction procedures were performed as 
described previously (16). Plasma was separated by centrifugation from blood 
' illected ida 'he iv.tix.ihit.il sinus >n hep.iiiiuzed tubes. Fifty pi of plasma 
were quenched with 500 ul of ethyl acetate/2-propanol/0.5 M acetic acid 
(84:15:1) and stored at -20°C. At the time of extraction, the samples were 
thawed, vortexed, and centrifuged. The organic supernatant was evaporated in 
a Speed Vacuum Concentrator (Savant) and resuspencied in 50 ul of mobile 
phase, vortexed, sonicated for 10 s, centrifuged to remove particles, and 
analyzed by HPLC. 5-FU and 5-FC were separated isocratically on a Beckman 
Coulter Gold HPLC System equipped with 32 Karat software and photo diode 
mi 8 detector. The eluat \ k miiiln 1 it -> i ' )~) in \ 
Whatman Partisil 5 SAX (4.6 X 250-mm) column with matching guard 
cartridge was used at a flow rate of 0.5 ml/min. The mobile phase was 10 mM 
NH 4 H 2 P0 4 buffer (pH 3.8) containing 7% methanol. 5-FU and 5-FC eluated at 
6.5 and 7.1 min, respectively. 

Viral Titer Measurement in the Tumors. TSA tumors were established 
in BALB/c mice by s.c. infliction of 10 s TSA cells in the right flank. When 
tumors reached 10 mm in diameter, mice were randomized in three groups and 
treated nitiatuiiinialb %\ i ih i«< administration 3 da; ap.ii * <n 2 X 1 0 ' 
III ^ > u gi up <i i' 1 S\ ( t (t \ 'i up-. ' >n m uj i t m f| t 
received live virus intratu morally were also treated with 500 mg/kg 5-FC i.p. 
daily. Mice were sacrificed at days 2, 4, and 6, and the tumors were collected, 
weighed, and frozen. At the time of viral t 



thawed and homogenized in 1 ml of PBS, and virus was measured by standard 
plaque assay. 

ELISPOT Assay. We followed the experimental protocol described pre- 
viously in detail (28). Nunc MaxiSorp plates were coated with 100 u.l/well of 
a 0.5 ug/ml solution of antimouse IFN-7 antibodies and incubated overnight at 
room ti inperatuie Spleen were collected fiom the three groups of two mice 
each (treated with HI-VSV, rVSV-CU, or rVSV-CU + 5-FC) sacrificed on 
day 6 of the above-described experiment (see "Viral Titer Measurement in the 
Tumors"). Spleen cells were suspended in 10% RPMI 1640 and plated in the 
1. f 1 Us n 1 1 c n 1 in 1 11 n cell 1 nti itior 1 Mil 

dilutions (from 10 6 cells/well of the highest concentration). Spleen cells were 
cultured in the presence or absence of 10 s irradiated TSA cells/well. The plates 
were incubated for 24 h at 37°C in 5% C0 2 . The plates were then washed and 
covered with biotinylated anti-IFN-7 monoclonal antibodies (100 /jl/well) and 
mi ul m ted loi 90 mm it room temperatun Vltei addiiioii.i' »> ish s iHJ 
/id/well of 0.2 ug/ml of streptavidin-alkaline phosphatase were added, and the 
wells were incubated for 60 min at room temperature. After washing again, 
100 ul of a 1:4 mixture of 3% melted low EEO type 1 agarose and 2.3 mM 
5-bromo-4-chloro-3-indolyl phosphate in AMP buffer was added to each well, 
li leveloped spot me < Hint 1 11 del Liu Is tin microsi i> I tk 
triplicate wells with >50 and <100 spots were used to calculate the average 
of the two experiments ± SD. 

RESULTS 

Generation and Characterization of VSV-Expressing CD/ 

UPRT. To evaluate whether VSV could be successfully generated to 
carry and express the E. coli CD/UPRT (C:U) fusion gene, cDNA- 
encoding C:U was cloned into the pVSV-XN2 plasmid (pVSV-XN2- 
C:U), which carries the full-length antigenomic VSV DNA (21, 22). 
The additional foreign transcription unit (C:U) was inserted between 
the VSV glycoprotein (G) and the polymerase gene (L) in a position 
flanked by unique Xhol and Nhel restriction sites (Fig. L4). After 
transfection with pVSV-XN2-C:U, recombinant virus was recovered 
in BHK cells 48 h later, and plaque purification of resultant recom- 
binant viruses (rVSV-C:U) was carried out as described previously 
(29). 

To investigate whether the insertion of the foreign suicide gene 
affected viral replication and infectivity, we analyzed rVSV-C:U 
production per cell after infection of BHK cells at a MOI of 10. 
Accordingly, one-step growth curve studies indicated that rVSV-C:U 
exhibited similar growth characteristics to WT-VSV or rVS V express- 
ing the GFP (rVSV-GFP) or TK (rVSV-TK) and reached 10 9 virus- 
es/ml within 10 h (Fig. IB). Indeed, rVSV-C:U induced almost 
complete cytolysis of BHK cells (MOI = 0.01) within 48 h, similar to 
WT VSV (Indiana strain), rVSV expressing TK, or rVSV expressing 
GFP (Fig. 1 C). Because of the rapid viral-induced killing, the addition 
of 5-FC had very little additional effect on the kinetics of BHK cell 
death (data not shown). The levels of viral production were also 
similar for rVSV-C:U and other control VSVs, even after infection of 
BHK cells with very low doses of virus (Fig. ID). In conclusion, the 
C:U fusion gene does not appear to affect VSV replication, and 
rVSV-C:U exhibits in vitro growth characteristics comparable with 
WT VSV after infection of BHK cells. 

VSV Expresses High Levels of Functional C:U. Confirmation of 
expression of the C:U gene by rVSV-C:U was next examined by 
measuring the enzymatic activity of CD using spectrophotometric 
assay and chromatographic enzyme assays as described previously 
(15). Essentially, for chromatographic identification, BHK cells were 
infected with rVSV-C:U at MOI = 0.1 or 5.0, and cell lysates were 
retrieved at various times postinfection. This analysis indicated that 
labeled cytosine was effectively metabolized to uracil in lysates from 
rVSV-C:U-infected cells but not rVSV-GFP-infected cells (Fig. 2A). 
Spectrophotometric analysis confirmed expression and indicated that 
as much as 70 nM 5-FU/min was produced using cell lysates prepared 
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from 1 million cells infected with rVSV-C:U at a MOI of 0.1 or 5 
(Fig. 2B). Likewise, high levels of UPRT activity were demonstrated 
by similar chromatographic analysis of rVS V-C:U-infected BHK cells 
(Fig. 2C). Collectively, our data indicate that rVSV-C:IJ expresses 
high levels of functional C:U. 

Analysis of 5-FU Production and Bystander Effect. A major 
strength of any prodrug activation model is the potential to extend the 
cytotoxic therapeutic effect to untransfected target cells. In the case of 
C:U/5-FC, 

the production of 5-FU, which can reach neighboring cells by simpk 
diffusion. To evaluate the efficiency of CD catalytic activity, BHK 
cells were infected with rVSV-C:U at MOI = 0.1 or 5.0 or with 
rVSV-GFP as a control, in the presence of 5 mM 5-FC. Samples of the 
infected culture media were collected at different times postinfection, 
and 5-FU production was measured spectrophotometrically. This 
analysis indicated that high levels of 5-FU production were detected 
in the culture media up to 72 h postinfection using rVSV-C:U but not 
rVSV-GFP (Fig. 3A). Thus, rVSV-C:U-infected cells produce large 
amounts of CD that are able to catalyze 5-FC into 5-FU beyond 24 h, 
after which almost all of the cells undergo virus-induced CPE. 

Having confirmed the presence of 5-FU in the culture media, we 
next analyzed the extent of bystander effect. Cultured tumor cells 
(TSA, EL4, A20, and 8226/Dox40) or normal cells (HMVEC) were 
thus infected with rVSV-C:U or mock infected in the presence or 
absence of 5-FC. After 24 h, supernatants from these cells were 
recovered and incubated at 60°C to completely inactivate residual 
virus, a consequence that does not affect 5-FU activity (26). Heat- 
treal ( siiipl'S ol cullme i uh im mil In- n ecte 1 o u i leu d 



cells were mixed at different ratios with new media and added to 
freshly cultured cells. After 96 h, cell survival evaluation by trypan 
Mile exclusion showed >ignil icaill killing ••! luillor Ink's exposed l>> 
culture medium from rVSV-C:U + 5-FC-treated cells (Fig. 3B). Cell 
death (>50%) was observed even at 1:500 dilution of the media, 
Jem. -Dsn :il in-: p.-ienl lyvsiander aoliviiy indepcn. Icnl "I ccll-lo-ccll 
ci'illacl. Ill O'IIIi-jnI. 11" cell dealll »,h observed in cells Healed uilll 
lissne-i nllnrcd nio. 1 1 1 mi In-ill i\ S\ -( ' I l-inleclcd celU in llic absence 
efficient bystander effect has been reported because of of 5-FC or with 5-FC alone (Fig. 3C). HMVEC cells and normal 
murine I v\l li o embryonic I ibr. >bla%i> u ore siuml icanlly less ,i| leeled 
by ihe i\ S\ siikide gone sysiem. almost certainly because l hoy were 
nonviable to infection and did not generate 5-FU (HMVEC IC 50 to 
54 M was csiahlishcd ai 5-4 /.t\i and was similar l<- ihal ha llie 
following cancer cells tested: 3-4 /xm TSA; 4-5 fJLM 8226/Dox40; 1 
Ijm A20; and 10 /am EL4). Thus, 5-FU generated by rVSV-C:U 
exhibits the hallmarks of a functional bystander effect in vitro. 

Because 5-FU is a chemofherapeutic that acts by inducing cell 
death, it was plausible that 5-FU could limit the replication and 
propagation o| i\SY-('U m \un- and /// wu- lo address ihis 

ci '1100111 in i nn -. u o evaluated I lie sensitivity o| cancer cells prclicalcd 
with 5-FC or 5-FU to VSV replication and killing. Accordingly, TSA 
cells were Healed « nil ilk leasing u •ikcilli aln 'lis ■•! 54 ( ' and 54 I 1 
for 24 h, followed by infection with rVSV-GFP at MOI = 0.1 or 10. 
I lie ollkioik} .'I VSV ink'diMI) and . -ik. -I\ sis . >n eel I s | m e-e\ p. 'sed 
to 5-FU and 5-FC was evaluated by measuring the percentage of 
infected cells using fluorescent microscopy and monitoring VSV-GFP 
replication Mils was complemented by mea silling viiik liters and 
finally by the degree of cell killing by trypan blue exclusion analysis. 
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Our data demonstrated that infection of TSA cells with high titers of 
rVSV-GFP (MOI = 10) was not influenced by pretreatment with 10 
/am 5-FU or 10 mM 5-FC used in the assay (the cells' IC 50 for 5-FU 
was determined at 3 /am). The percentage of infected cells was 
80-90% by 4 h (Fig. 3D). At lower dose infection (MOI = 0.1), the 
percentage of infected cells at 12 h was slightly lower after 5-FU 
pretreatment (Fig. 3D), although by 24 h almost 100% of cells were 
infected (data not shown). Viral production in TSA cells pretreated 
with 5-FU was <1 log lower than in control cells, remaining at high 
levels of 2 X 10 s . Cell death evaluation by trypan blue exclusion 
showed almost complete cell death within 24 h, both in control and in 
5-FC- and 5-FU -pretreated conditions (data not shown). Taken to- 
gether, these in vitro assays demonstrate that exposure to relatively 



high levels of 5-FC and 5-FU did n 
replication and oncolytic activity. 

Evaluation of the in Vitro Oncolytic Efficiency of rVSV-C:U/5- 

FC. We next evaluated the combined oncolytic efficiency of rVSV- 
C:U/5-FC on different cancer cell lines or normal cells. Accordingly, 
rVSV-C:U, rVSV-GFP, HI-VSV, or WT-VSV was used to infect 
TSA, K562, 8226/Dox40, and EL4 cancer cells or normal HMVEC 
.cells at a MOI of 0.1. Results indicated that all recombinant viruses 
ncer cell lines (>75% cell death) within 24 h (Fig. AA). 
iJSofDfttrast, rVSV-C:U + 5-FC or VSV-GFP was found to induce a 
low fraction of HMVEC killing (20-25%) when treated similarly 
(Fig. AA). Pretreatment with type I IFN completely prevented virus 
replication in the normal HMVEC cells but not in the cancer cell lines. 
For example, rVSV-C:U titers were 2000 times lower in infected 
HMVEC cells than in 8226/Dox40 cells by 24 h postinfection and 
Teased to an undetectable level in HMVEC cells, but not 8226/ 
cells, when pretreated with IFN- a (Fig. 4, B and C). These data 
'HJbnffrrfi earlier findings that at least one potential mechanism of 
VSV-mediated oncolysis exploits defects in the IFN pathway present 
in tumor cells (30). In addition, these data demonstrate the selective 
" ''"olytic efficiency mediated by rVSV-C:U/5-FC. 

Because rVSV-C:U infection in the absence of 5-FC clearly exhib- 
ral-induced oncolytic effect alone, we next examined the 
ition of 5-FU in cancer cell killing. For this experiment, mouse 
■mphoma cells were used because they were found to exhibit 
levels of virus-induced CPE when infected with rVSV-GFP 
Jserved by fluorescent microscopy. For reasons that remain to be 
small population of A20 cells was found to remain unin- 
possibly because some cells differentiated into a subpopulation 
)t interact efficiently with the virus (Fig. AD). However, in 
high level of viral replication was achieved in the infected 
population, with viral titers reaching 10 7 by 24 h postinfection (data 
not shown). Nevertheless, when 5-FC (1 mM) was added to the culture 
m harboring A20 cells infected with rVSV-C:U, almost com- 
;ell death could be demonstrated by trypan blue staining after 
Fig. AE). In contrast, the dose of 5-FC used (1 mM) did not affect 
;ell growth when used alone. To further distinguish between the 
bution of the virus alone and 5-FU bioactivation in A20 cell 
ells were infected with rVSV-C:U, rVSV-GFP, or HI-VSV, 
6 h, they were mixed at different ratios with uninfected cells 
ultured in the presence of 1 mM 5-FC. Cell viability was 
ared after 48 h. The difference observed between HI- 
5-FC and rVSV-GFP + 5-FC essentially represents the 
of the virus alone, whereas the difference between rVSV- 
GFP + 5-FC and rVSV-C:U + 5-FC accounts for the additional 
oncolytic effect generated by 5-FU (Fig. AF). Collectively, these data 
indicate increased killing of A20 cells using rVSV-C:U + 5-FU, 
emphasizing that bystander effects can contribute toward the efficacy 
of oncolysis. 

In Vivo Activity of the rVSV-C:U/5-FC System. To evaluate the 
oncolytic effect of the rVSV-C:U system in vivo, we chose to inves- 
tigate two aggressive s.c. tumor models, A20 and TSA, that differed 
slightly in their response to 5-FU. For example, the A20 lymphoma 
model showed a higher sensitivity to 5-FU (IC 50 = 1 /am) compared 
with the TSA mammary prototype (IC 50 = 3—4 /am). Our goals were 
to evaluate the efficiency of the VSV-directed C:U/5-FC model and to 
compare it with the previously published rVSV-TK/GCV model. 
Accordingly, s.c. tumors were grown in the left flank of BALB/c 
immunocompetent mice. When tumors became palpable, HI-VSV, 
rVSV-C:U, or rVSV-TK was injected intratumorally (2 X 10 7 plaque- 
forming units), followed or not followed by the administration of the 
respective prodrug, 5-FC or GCV. As an additional control, 5-FU was 
administered daily for 5 days i.p. Virus treatments were repeated once 




more after 3 days, and tumor volumes were monitored every other 
day. For these experiments, two end points were established. First, 
survival was monitored with the specification that mice were sacri- 
ficed when the largest tumor diameter reached 15 mm. Second, 
evaluation of the mean tumor volumes was determined at a time when 
the first animal in the experiment was sacrificed. 

This study indicated that there was a significant reduction in A20 or 
TSA tumor growth using either rVSV-TK or rVSV-C:U in the ab- 
sence of prodrug, compared with HI-VSV (P < 0.001; Fig. 5A for 
A20 and Fig. 6A for TSA). However, even more potent tumor inhi- 
bition was found in the virus suicide gene/prodrug groups (rVSV-TK/ 
GCV and rVSV-C:U/5-FC; Figs. 5A and 6A). Student's t test analysis 
indi ated tl) it atPinaK harboring A20 or TSA and receiving rVSV-C: 
U/5-FC treatment faired better than those receiving rVSV-C:U alone 
CP < 0.05). The same analysis for rVSV-TK/GCV did not reach 
statistical significance, indicating that generation of 5-FU may be a 
better prodrug system in these tumor models. Statistical significance 
was seen between the rVSV-C:U + 5-FC group and 5-FU group 
[P < 0.001 in the TSA experiments (Figs. 5A and 6A) and P < 0.05 
in the A20 experiment] . There was no difference between the HI-VSV 
and the HI-VSV + 5-FC groups in either of the experiments (data not 
shown). Indeed, although many of the tumors appeared of similar size 
in a number of differently treated groups after 14 days, tumors in all 
groups except for the rVSV-C:U + 5-FC-treated group grew rapidly. 
Indeed, animals with A20 tumors survived for the duration of the 
experiment (45 days) when treated with rVSV-C:U + 5-FC (Fig. 55). 
In the control groups HI-VSV or HI-VSV + 5-FC, all animals had to 
be sacrificed after 20 days. By 90 days, four of six animals in the 



rVSV-C:U + 5-FC group, two of five animals in the rVSV-TK 
+GCV group, one of five animals in the rVSV-C:U group, and one of 
five animals in the 5-FU group remained alive and free of tumors. In 
the TSA model, the same statistically significant difference in survival 
was observed between the rVSV suicide gene + prodrug groups and 
the control groups (P < 0.05; data not shown). The combined intra- 
tumoral administration of both rVSV-TK and rVS V-C:U (in conjunc- 
tion with GCV and 5-FC) did not significantly achieve better results 
than rVSV-C:U + 5-FC in the A20 model alone (data not shown). 
Collectively, our data indicate that because of increased bystander 
effect, rVSV-C:U may be a better oncolytic agent than rVSV-TK. 

The Induction of Antitumor Immune Responses by rVSV-C:U. 
Previous data have demonstrated that lysis of cells, e.g., through virus 
replication (CPE), can result in the enhanced generation of CTL 
activity, arguably by facilitating tumor antigen uptake by professional 
antigen-presenting cells (31, 32). To evaluate this, animals exhibiting 
no tumor formation after 45 days in the previously presented A20 
model were rechallenged with the same number of A20 cells injected 
in the opposite flank of the animal (six of six animals in the rVSV- 
C:U + 5-FC group, two of five animals in the rVSV-C:U group, three 
of five animals in the rVSV-TK +GCV group, one of five animals in 
the 5-FU group, and zero of five animals in HI-VSV, HI-VSV + 5- 
FC, and rVSV-TK groups). Significantly, none of the rechallenged 
animals developed tumors at the site of cancer cell readministration, 
in contrast with a control group of new animals not treated previously, 
4 of 5 of which developed tumors within 15 days postimplantation. 
These data indicate activation of the immune system against A20 
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cells, which may have contributed toward the antitumor activity of 
rVSV-C:U/5-FC. 

To further characterize the mechanisms of rVSV-C:U/5-FC action, 
we measured the activation of T cells in the spleens of mice receiving 
tumor therapy by performing ELISPOT assay. Mice with s.c. TSA 
tumors were treated with HI-VSV, rVSV-C:U, or rVSV-C:U + 5-FC. 



Six days after the initiation of treatment, mice were sacrificed, and 
spleens were collected. Mononuclear cells were isolated, and IFN-y 
release by single cells was measured in the presence or absence of 
radiated TSA cells as a source of in vitro stimulating antigen. We 
found that there were 30 and 44 times more T cells activated and 
secreting IFN-y in the spleens of the mice that were treated with 
rVSV-C:U and rVSV-C:U + 5-FC, respectively, than in the spleens 
of mice bearing TSA tumors that received control HI-VSV (Fig. 6B). 
The number of secretory cells doubled in both viral treatment condi- 
tions when they were exposed to ISA cells as a source of antigen. 
Interestingly, the number of activated T cells was found to be almost 
double when rVSV-C:U was combined with generated 5-FU. These 
data indicate a strong immune component in the antitumor efficiency 
of rVSV-C:U/5-FC therapy. 

We next evaluated, by HPLC, 5-FU levels in the blood after one 
single maximally tolerated dose of 5-FU or after intratumoral admin- 
n of rVSV-C:U in the presence of systemic 5-FC. Blood level 
q samples collected at different time points revealed 
that systemic 5-FU administration produced high early peaks (up to 
4.4 times higher than the rVSV-C:U + 5-FC by 15 min; Fig. 6C). 
However, exogenously added levels drop immediately, in vivo, so that 
after 25 min, 5-FU produced by the viral/prodrug treatment was 
detected at higher concentrations and maintained therapeutic levels 
over the next hour, thus indicating longevity of the system. We could 
not find any difference in the viral titers achieved by the rVSV-C:U 
virus in the presence or absence of prodrug administration when 
measured on day 4 (already 2 days through 5-FC treatment) or day 6 
(after four administrations of 5-FC), suggesting that 5-FC and 5-FU 
did not affect VSV propagation in the tumor (Fig. 6D). 

Thus, we demonstrate the presence of potent viral, chemofherapeu- 
tic, and antitumor immune components after treatment with rVSV-C: 
U/5-FC, indicating that this system may have promise for develop- 
ment as a therapeutic against malignant disease. 

DISCUSSION 

VSV has been recently characterized as a selective oncolytic virus 
showing significant in vitro and in vivo potential as a novel therapy for 
cancer (30). Previous studies have demonstrated that VSV is capable 
of inhibiting the growth of tumors harboring common genetic abnor- 
malities such as p53, myc, or ras aberrations, both after local intra- 
tumoral administration and after systemic i.v. treatment (33). Further- 
more, VSV has been shown to eradicate tumors in immunocompetent 
hosts without any substantial virus-associated CPE occurring in nor- 
mal tissue (33). Recombinant adaptations of the virus that contain 
antitumor genes afford the opportunity to further increase the onco- 
lytic efficiency of VSV, with concomitant specificity and attenuation 
(3). In this regard, previous studies have shown that the expression of 
cytokines such as interleukin-4 and suicide genes such as herpes 
simplex virus-TK increased the ability of VSV to suppress tumor 
growth, compared with WT-VSV, in melanoma and mammary cell 
carcinoma models (3). 

A potential problem concerning viral tumor therapy in immuno- 
competent hosts remains the response of the immune system to virus 
infection, which may suppress a required oncolytic effect through 
inhibition of virus spread (35). One strategy to help avoid this di- 
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lemma may be the addition of a system capable of exerting a strong 
bystander effect, which in ay enhance the oncolytic efficacy of the 
virus therapy by eliminating uninfected tumor cells. In contrast to the 
TK/GCV system, the CD/UPRT/5-FC system may confer a stronger 
bystander activity that is independent of intercellular junctions (36- 
38). This may be important in the treatment of tumors with down- 



eg ilck. i hi eic^ltiil u ia\* riino on . !6). Previous attempts to use 
viral agents in the therapy of cancer have been limited by lack of 
selectivity, inefficient replication of the virus in the tumor, or appre- 
hension isM.uaVil will* i'K lull 1 -! ii ii i ' ! « si potential c l ire vmi' ii->e'i 
(2, 39). Given this, we therefore decided to evaluate the antitumor/ 
bystander potential of the recently characterized E. coli CD/UPRT 



fusion suicide gene with the actively replicative, selectively oncolytic 
rVSV as a viral vector (15, 17). 

The generation of rVSV-C:U was achieved, and impressively high 
levels of CD and UPRT activity were apparent. Spectrophotometric 
measurements of CD activity up to 64 ± 7 nM 5-FU/min were 
produced by approximately 1 million infected BHK cells. This is in 
comparison with a recently published value of 10 ± 2 nM 5-FU/min 
produced by 1 million BNL1 hepatocellular carcinoma cells that were 
retro virally transduced with the E. coli CD gene (24). The CD gene 
from E. coli also compares favorably with results reported previously 
using the yeast CD/UPRT fusion gene (15). In addition, our results 
indicate that rVSV-C:U + 5-FC generates a very strong bystander 
killing effect. The amount of 5-FU produced by recombinant viruses 
in the media essentially eradicated >90% of a number of tumor cell 
types tested. This observation indicates that 5-FU effectively diffuses 
in and of cells and, unlike TK/GCV system, does not require cell-to- 
cell contact for bystander activity (36). 

Other potential issues regarding virus gene therapy include taking 
into consideration the possibility that the rapid oncolytic effect of the 
virus itself could limit the amount of chemotherapeutic agent pro- 
duced in the cell. Conversely, the chemotherapeutic drug could con- 
ceivably limit viral replication and subsequent propagation in the 
tumor (40, 41). However, we demonstrated high levels of 5-FU 
production in cancer cells in vitro and intratumorally in vivo. In vitro 
we showed that CD continues to transform the provided prodrug up to 
72 h postinfection. In addition, our in vitro and in vivo data indicate 
that the generated 5-FU and the administered 5-FC do not signifi- 
cantly inhibit VSV replication, and the viral titers achieved in the 
tumors by the rVSV-C:U were similar in the presence or absence of 
prodrug administration. A probable explanation is that VSV is a RNA 
virus, and its cytoplasmic replication is less affected by the multiple 
mechanisms by which 5-FU inhibits DNA and RNA synthesis, alter- 
ing cell growth and survival. This demonstration makes the rVSV a 
specifically suitable viral vector for the CD/UPRT/5-FC suicide gene 
therapy. 

We have recently indicated that VSV selectively replicates in tumor 
cells because of such cells harboring a flawed IFN system. In this 
regard, IFN pretreatment completely protected the normal cells 
against rVSV-C:II replication and cytolysis, as demonstrated previ- 
ously for the VSV oncolytic agents (30). In contrast, VSV oncolysis 
of tumor cells was extremely prompt and efficient, masking the 
contribution of the suicide gene system in all cancer cell lines except 
the mouse A20 B-cell lymphoma cells. In this particular cancer cell 
model, rVSV-C:U induced almost complete cytolysis only in the 
presence of the prodrug 5-FC, demonstrating a synergistic effect of 
the rVSV and the CD/UPRT/5-FC components in oncolysis of the 
lymphoma cells. This may reflect that some lymphoma cell types, 
such as chronic lymphocytic leukemia, exhibit selective resistance to 
VSV infection, perhaps because of tropism issues. Nevertheless, this 
finding allowed the opportunity to evaluate the bystander effect of the 
rVSV-C:U system. Accordingly, rVSV-C:U exhibited greater thera- 
peutic oncolytic activity in the presence of systemically administered 
5-FC compared with rVSV-C:U virus alone and with the previously 
published rVSV-TK/GCV system. Similar results were observed in 
the TSA mammary tumor model. The contribution of the viral oncol- 
ysis to suppression of the tumor can be compared with the measured 
effect of rVSV-CiU alone, in the context of demonstrating similar 
viral titers in tumors injected with the virus and exposed or not 
exposed to systemic 5-FC. The role of the generated 5-FU is revealed 
by the statistically greater therapeutic efficiency of rVSV-C: 
U + 5-FC compared with rVSV-C:U alone in both tumor models. 

Another potential antitumor action invoked by rVSV-C:U/5-FC is 
the stimulation of the immune system. Robust immune responses have 



been documented previously in experiments using CD-based thera- 
pies, as demonstrated by the presence of intense inflammatory infil- 
trates found within the treated tumors (42), production of cytokines 
(43, 44), eradication of distant tumors (45), reduction of the bystander 
effect in nude mice (24), or after sublethal irradiation (46, 47). 
Although virus replication itself induces strong CTL responses against 
viral antigens presented on the surface of infected cells, it is plausible 
that CTL responses may be invoked against tumor antigens by this 
treatment also (48, 49). In our analysis, the generation of CTLs after 
VSV suicide gene treatment was indicated by the lack of any tumor 
growth in A20 cancer model rechallenge experiments. In addition, 
ELISPOT analysis confirmed the presence of EFN-y-producing T cells 
specific to the tumor only in animals receiving rVSV-C:U treatment. 

Collectively, our data indicate that VSV is able to generate high 
levels of CD and UPRT. In addition, 5-FU was found to participate in 
the killing of infected tumor cells and to exhibit bystander effect. 
Future studies could conceivably enhance VSV-based oncolytic ac- 
tivities by combining suicide genes with immunomodulatory cyto- 
kines or with radiotherapy, thus exploiting the radiosensitizing poten- 
tial of 5-FU (50). 
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The results of molecular-biological studies of cancer are changing 
the way we diagnose and treat cancer. Target-based drug discov- 
ery selects agents for development based on their mechanisms of 
action. The interaction between target-based drugs and their tar- 
gets can be described by classical drug-receptor theory. Clinical 
trials have demonstrated that some effective target-based drugs 
induce apoptosis, even though they are considered to be cyto- 
static. Numerous phase ill trials of target-based drugs have been 
conducted. Although some have yielded strongly positive results, 
the majority of the results have been negative. This article seeks 
to clarify the value of molecular-target-based therapy and to dis- 
cuss the reasons for negative results in phase III trials. The impor- 
tance of proof-of-principle studies is stressed throughout 
preclinical and clinical trials of molecular-target-based drugs. 
(Cancer Sci 2004; 95: 772-776) 

In an attempt to modulate specific molecular targets in tumor 
cells and the tumor environment, the emphasis in anticancer 
drug discovery has shifted from an empirical approach charac- 
terized by random screening of a variety of natural and syn- 
thetic compounds by means of cell-based cytotoxicity assays to 
more rational and mechanistic molecular screening. '~ 3) 

The concept of molecular-target-based therapy is not new, 
because modern therapy of breast cancer and prostate cancer is 
in reality target-based therapy. What is new is that we now rec- 
ognize that tumor cells contain many targets, and drugs specifi- 
cally directed at such targets have been introduced clinically. 6-9 ' 

1. Classification and characteristics of molecular-target-based 
drugs 

The molecular-target-based drugs that are currently available 
can be classified according to mechanism of action into inhibi- 
tors of growth factors /receptors and signal transduction, inhibi- 
tors of the cell cycle, and inhibitors of metastasis and 
angiogenesis, and they can further be classified according to 
site of action into two groups: tumor-specific and tumor-envi- 
ronment-specific. Based on the formulation of the drug prod- 
ucts, they can be classified into small molecules and 
macromolecules (Table 1). 

Compared with the process of discovery of empirical drugs, 
that of molecular-target-based drugs is target-based, and their 
mechanism of action is the basis for selection. Many research- 
ers consider the pharmacological effect of target-based drugs to 
be eytosta tic/reversible, as opposed to the cytotoxic/ 
irreversible effect of .cytotoxic drugs; however, all recently ap- 
proved antitumor molecular-target-based drugs cause tumor 
shrinkage except for avastin. Since the effects of molecular-target- 
based drugs are more selective, the drugs are expected to be less 
toxic. The clinical data suggest that molecular-target-based drugs 
have different Spectra of adverse events. They are expected to be 
more effective when given continuously at tolerable doses. 6 "' 



2. End points and strategies of ciinicai trials 

It is generally said that the paradigms for the development of 
molecular-target-based drugs should be shifted from empirical 
to more scientific. The concept of drugs has shifted from "seek 
and destroy" to "target and control," and screening has shifted 
from "random screening against tumors" to "target-based 
screening against tumor-specific molecules". It is extremely 
important to evaluate the effect of drugs on their targets phar- 
macodynamically, although no proof-of-principle studies are re- 
quired for cytotoxic drugs. The paradigms for other 
pharmacodynamic effects, such as tumor shrinkage and toxici- 
ties, as well as pharmacokinetics have not changed. The pri- 
mary end point of clinical trials, "survival," is the same as for 
evaluation of cytotoxic drugs. The major end points for ordi- 
nary approval of oncology drugs are survival and response rate 
(Table 2). 

Only one drug, trastsuzumab, has been approved based on 
data showing an increase in time-to-progression. However, 
trastsuzumab itself causes tumor shrinkage and a survival bene- 
fit when combined with other anticancer drugs. The initial clin- 
ical study for cytotoxic drugs is a phase I study. Phase II and 1/ 
II studies follow, and the final conclusive study is a phase III 
study. Phase II studies are sometimes skipped for molecular-tar- 
get-based drugs, and the phase III study sometimes follows the 
phase I study (Fig. 1). 

3. Clinical trials of molecular-target-based drugs 

Table 3 shows the results of clinical trials of specific-target- 
based drugs. 

Randomized trials have shown positive results for imatinib, 
trastsuzumab, and rituximab. "'■ "~ 13> Imatinib was used as a sin- 
gle agent, whereas trastsuzumab and rituximab were evaluated 
as combination therapy. Table 4 shows the results of clinical tri- 
als of non-specific or tumor-environment-specific target-based 
drugs, which include antiangiogenic and/or antimetastatic 
drugs. The results of all of the phase III clinical trials were neg- 
ative, except for the trial of avastin for colon cancer. 14 ' Even the 
results of the phase III trial of avastin for breast cancer were 
completely negative. Generally speaking, antibodies and some 
small molecules have shown promise. Signal transduction mod- 
ulators that act upstream of a growth signal have been found to 
show a survival benefit. All of the compounds approved for 
commercial sale caused tumor shrinkage when given alone. 

4. Reasons for negative phase III trials 

Several hypotheses have been proposed to explain the nega- 
tive results of phase III trials (Table 5). 

One is that the molecular target was not essential for growth, 
invasion, or metastasis of the tumor, and this hypothesis may 



Table 1. Classification of target-based therapies according to molec- 
ular targets 

1) Inhibitors of growth factors/receptors & signal transduction 
Anti-EGFR Ab, Anti-Her-2/Neu Ab, EGFR-TKI, c-Kit receptor TKI, 
Bcr-abl-TKI, Farnesyltransferase inhibitors, PKC inhibitors 

2) Inhibitors of the cell cycle 
Cyclin-dependent kinase (CDK) inhibitor 

3) Inhibitors of metastasis & angiogenesis 

Anti-VEGF Ab, VEGF inhibitor, MMP inhibitor, Thalidomide, 
Angios tatin, Endostatin 

Table 2. Requirements of paradigm shifts for new anticancer drug 
development 

1) Concept and screening 

Paradigm shift 
Seek and destroy -» Target and control 
Random screening -> Target-based screening 
against tumors against tumor-specific 

molecules 

2) PK and surrogate end point 

Paradigm shift 
? -> Target effect 
No paradigm shift 
PK -> PK 

Tumor shrinkage -> Tumor shrinkage 
Toxicity -» Toxicity 

3) Primary end point 

No paradigm shift 
Survival -> Survival 



Table 3. Results of phase III trials of specific-target-based drugs 







Combination 


Results 


ZD 1839 


NSCLC 




Negative 






N 


Too early 


OSI774 


NSCLC 


Y 


Negative 






N 


Positive 


ST1571 


CML 




Positive 




GIST 


N 


Positive 


Trastsuzumab 




Y 


Positive 




NSCLC 




Negative 


Rituximab 


NHL 


Y 


Positive 


Affinitac 


NSCLC 


Y 


Negative 


NSCLC, non-small cell lung canct 
GIST, gastrointestinal stromal tu 


:r; CML, chronic myelocytic leukemia; 
mon NHL, non-Hodgkin's lymphoma; 



Y, yes (+); N, no (-). 



explain the negative results for matrix metalloprotease 
inhibitors' 5 ' and small molecules against vascular endothelial 
growth factor (VEGF) tyrosine kinase. 

Another hypothesis is that the target tumor contains no, or 
only a low level of the molecular target. The results of the ran- 
domized trial of trastsuzumab for the treatment of non-small 
cell lung cancer (NSCLC) were completely negative, 16 ' but ex- 
pression of Her-2 is very low in NSCLC. This explanation is 
also valid for the results of the trial of imatinib against small 
cell lung cancer, which expresess only low levels of c-kit. l7 > En- 
richment of the target population with the molecular target is 
essential to obtain 'positive results. These are likely to be the 
reasons why the molecular-target-based drugs did not exert ade- 
quate antitumor activity. 

The majority of molecular-target-based drugs tested in the 
clinical trials have been evaluated in combination with cyto- 
toxic drugs and other modalities. There are many problems 
with predictability in preclinical models, especially in regard to 



Table 4. Phase If and phase III" trials of non-specific or tumor-envi- 
ronment-sped fie target-based drugs 



Agent Tumor Combination Results 



Marimastat 


SCLC 


N 


Negative" 




Pancreas 




Negative" 




Stomach 




Negative" 




NSCLC 


Y 


Negative" 


Prinomastat 


NSCLC 




Negative" 


Tanomastat 


SCLC 




Negative" 


SU5416 






Negative" 








Negative" 


Avastin 






Positive" 











SCLC, small cell lung cancer; NSCLC, non-small cell lung cancer; Y, yes 
(+); N. no (-). 



Table 5. Why have so many phase III trials been negative? 

1. Poor predictability of preclinical models, especially of 
combined effects 

2. Target tumor contains no, or a low level of the molecular 

Enrichment of the target population is inadequate. 

3. The "molecular target" is not essential for the growth, 
invasion, or metastasis of the tumor. 

4. Molecular-target-based drugs have inadequate antitumor 
activity. 

5. Clinical decision-making for moving from phase l/lt to phase 
III studies is inappropriate. 

6. Clinical study design is inappropriate. 

Small sample size 

Comparison of 3 drugs vs. 2 drugs 



combined effects. 18 ' The purpose of combination therapy is to 
increase the spectrum and intensity of the anticancer effect. The 
criteria for the selection of drugs for use in combinations are: 1) 
each drug must be independently active against the target tu- 
mor, 2) the toxicities of the drugs must not overlap, 3) each 
drug can be used at its most appropriate dose and schedule, 4) 
the mode of action of each drug is different, and 5) no cumula- 
tive toxicity is observed and the regimen can be administered 
repeatedly. If an active drug is combined with another active 
drug, a synergistic or additive effect is expected. The majority 
of molecular-target-based drugs are used as sensitizing drugs, 
and a synergistic effect is expected based on biochemical or 
molecular biological interaction. The purposes of preclinical 
luation of comb i > are prediction ol nergi n t i t 
feet and toxicity, demonstration of biochemical modulation, 
provision of a rationale for clinical combination to the 
physician/IRB /patient. The conditions required for preclinical 
studies of combination chemotherapy are demonstration of a 
synergistic/additive antitumor effect in vitro, no increase in in 
vitro toxicity against normal cells, molecular proof-of-principle 
study for synergism, demonstration of a synergistic/additive 
antitumor effect in vivo, and no increase in in vivo toxicity. 
There are many problems in preclinical prediction of combined 
effects of anticancer drugs, and the results of preclinical predic- 
tion of combined effects have been very poor. Most preclinical 
data for combination chemotherapy have been obtained after 
the clinical evaluation. In other words, the purpose of preclini- 
cal evaluation is confirmation of a combined effect observed 
clinically. The reasons for the poor preclinical predictability of 
combined effects are shown in Table 6. 

Decision-making to proceed from phase I/II to phase III 
studies is quite difficult. For example, a combination of doce- 
taxel and Ly900003 has been tried in NSCLC patients after 



prior chemotherapy, but the results showed the same efficacy as 
for docetaxel alone. Randomized controlled trials comparing 
paclitaxel and carboplatin with or without Ly900003 have 
shown no difference in antitumor effect or median survival, and 
the frequency of grade (Gr) 3/4 thrombocytopenia was signifi- 
cantly higher in the Ly900003-containing regimen. 1 '* At least 
four problems can be pointed out in this example. The molecu- 
lar target of Ly900003 is not essential for tumor growth, inva- 
sion, or metastasis, the antitumor activity of Ly900003 is 
inadequate, the evaluation of the results of the combination 
phase I/II trial is incorrect, and the target populations of the 
phase I/II and III trials were different. A trial of oblimersen so- 
dium combined with standard combination chemotherapy con- 
sisting of etoposide+carboplatin was conducted in patients with 
extensive small-cell lung cancer. 20) The appropriate dose of 
oblimersen was determined to be 7 mg/kg with etoposide 80 
mg/m 2 and carboplatin area under the curve (AUC)-5. The re- 
sponse rate was 86% (12/14), and the median survival time 
was 12.5 months. No Bcl2 suppression was observed in periph- 
eral blood mononuclear cells. Although the data are not inter- 
esting, and the results of proof-of-principle study were 
negative, Cancer and Leukemia Group B (CALGB) initiated a 
phase III randomized controlled trial to evaluate the efficacy of 
oblimersen sodium against small-cell lung cancer. 

The clinical study design and sample size are decided based 
on expected differences in antitumor effect between regimens, 



Table 6. Reasons for poor preclinical predictability of combined ef- 
fects 

1) Molecular target of each drug undetermined 

2) In vitro problems 

A. Concentration, incubation time, timing, protein binding 

C. Effect on normal cells 

D. End point of combined effect (evaluation method) 

3) In vivo problems 

A. Dose, timing 

B. Target tumor 

C. Species specificity (metabolism, protein binding) 

D. Endpoint of combined effect 



the feasibility of the study, and the baseline clinical treatment 
effect of the control regimen. Possible reasons for the well- 
known negative results of the Iressa NSCLC Trial Assessing 
Combination Treatment (INTACT) trial are low response rate 
to gefitinib, absence of survival benefit of gefitinib, crossover 
use of gefitinib in the control group, and small sample size. 21 - 22) 
Table 7 shows the sample sizes required for phase III trials. 
Postulating 1-year survival prolongation in responders, no over- 
all survival, and 1-year median survival prolongation in non-re- 
sponders, and no crossover of treatment regimens, it would he 
necessary to accrue 7095x2 patients if the response rate to the 
molecular target-based drug were 10%. An astronomical num- 
ber of patients would be needed to obtain positive data (Table 
7). 

5. Role of surrogate end points 

Surrogate endpoints are measurements or signs that are used 
as substitutes for clinically meaningful end points that directly 
measure how a patient survives and functions. 23 ' 24) Changes in a 
surrogate end point in response to therapy should reflect 
changes in clinical endpoint. Fig. 2 shows the ideal process for 
a surrogate end point. Measurement of surrogate effects has 
been considered essential in the clinical evaluation of molecu- 
lar-target-based drugs, because it seems very important to dem- 



Table 7. Sample size for phase III studies 



RR (%) MST (months) 


2-Year surviva 
(%) 


1 #pts. 


0 12.0 


12.2 




10 12.7 


16.0 


7095x2 


20 13.6 


19.8 


1670x2 


30 14.3 


23.5 


709x2 


50 16.4 


31.1 


232x2 


• 1-Year survival prolongatio 

• No survival prolongation in 


n in responders. 
non-responders. 


a=0.05, P=0.20. 



• MST: 1 year in non-responders. 

Ishizuka: personal communication. RR, response rate; MST, median 
survival time. 



Flow chart of clinical trials of target-based drugs 

Phase I study 

Dose-finding (RD, PK) 

{" Go / No-Go Decision { 



Major tumor response, Target effect 

1 



Phase II study 

Cortfirmation of RD, toxicity 



ase I/II study 
Feasibility 



Phase III study 

Survival, TIP, QOL 



Go / No-Go 
Decision 



Go / No-Go 
Decision 



Response in refractory tumor Target 
effect (PET/MRI) 

1 

(Phase I/II) or Phase III study 



"Better" treatment results 
Response, TTP, Survival 

I 

Phase III study 



Fig 1 Flow chart of clinical trials of target-based drugs. Target effects are measured for correlation with effect, dose-finding, and monitoring. 
RD, recommended dose; PK, pharmacokinetics; TTP, time to progression; QOL, quality of life; PET, positron emission tomography; MRI, magnetic 



774 



Ideal process for a surrogate end point 

Time 



\ 



Surrogate True clinical 

Cancer > endpoint ~ * outcome 

Fig. 2. Ideal process for a surrogate end point A surrogate end point should be evaluated and obtained before the data of tn 
It should be a predictor for true clinical outcome. 



e clinical outcome. 



onstrate that the target effect actually results in a survival 
benefit. However, many surrogate end points have failed. The 
reasons can be summarized as follows. The surrogate is not in 
any of the causal pathways of the disease. There are several 
causal pathways of the disease, but molecular-target-based 
drugs affect only the pathway mediated through the surrogate. 
The surrogate is insensitive to the effect or is not in the path- 
way of the intervention's effect. The intervention has mecha- 
nisms of action that are independent of the disease process. 
Requirements for target-based therapy are a validated molecu- 
lar target, reliable assay to measure expression and activity of 
the target or pathway, difference between target expression in 
heterogeneous tumor cells, potent and specific inhibitor with 
good pharmacological properties, and demonstrable target inhi- 
bition in human tumors. Valid targets should be expressed, 
overexpressed, or mutated in tumor tissues. The target should 
be essential to cell proliferation, cell death, or metastatic ability, 
and inhibition of the target should result in inhibition of tumor 
growth and spread. Simple correlates do not make a surrogate. 
Surrogates can be divided into surrogate-effect end points and 
surrogate-benefit end points. Surrogate-effect end points in- 
volve various problems, such as reliability of the target in tu- 
mors, the reliability of the assay method, the tissue specificity 
of target expression, the extent of heterogeneity, the accessibil- 
ity of the tissue, and validation against a clinical benchmark. 
Surrogates for epidermal growth factor receptor (EGFR) inhibi- 
tion and for anti-angiogenesis are shown in Table 8. Surrogate- 
benefit end points are objective tumor response, changes in a 
tumor marker, and changes in tumor metabolism on a positoron 
emission tomography (PET) scan, and they require validation 
by linkage to a definitive clinical end point in a prospective 
trial. 

6. How can positive data be obtained from phase III trials? 

Standard approval of a molecular-target-based drug requires 
demonstration of a clinical benefit and improvement of the ulti- 



Surrogates for EGFR inhibition 

1) Rash: skin biopsy 

2) EGFR amount: phosphorylation state 

3) MAP kinase activation 

4) AKT activation 

5) Induction of p27* i "' 

6) Cell proliferation index 
Surrogates for anti-angiogenesis 

1) Tumor microvessel density 

2) Tumor blood flow (MRI) 

3) Tumor metabolism (PET) 

4) Tumor apoptosis 

5) Circulating endothelial cell apoptosis 

6) Circulating VEGF and VEGFR levels 



EGFR, epidermal growth factor; MRI, magnetic resonance imaging; 
PET, positron emission tomography; VEGF, vascular endthelial growth 

mate outcome, including improvement of survival, relief of 
symptoms, or a delay in the onset of symptoms. Appropriate 
preclinical and early clinical trials are essential to obtain posi- 
tive results in phase III trials. Scientific decision-making is re- 
quired. Eruichment of the responsive population based on 
clinical information and translational research is important. Of 
course, good and feasible clinical trial designs should be 
adopted. Urgent requirements include the development of a val- 
idated test to define the target population and more effective 
molecular-target-based drugs to reduce sample size. 

Recently a Dana-Farber group reported the identification of 
EGFR mutations in subset of human lung adenocarcinomas and 
the association between EGFR mutation and gefitinib sensitiv- 
ity. 

Screening for such mutations in lung cancers may enrich pa- 
tients who will have a response to gefitinib. 25 - 26) 
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Trials, Tribulations, and Trends in Tumor Modeling in Mice 
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Selection of mouse models of cancer is often based simply on availability of a mouse strain and a known compatible tumor. Frequently this results 
in use of tumor models long on history but short on homology and quality control. Other factors including genetics, sex, immunological status, method 
and site of tumor implantation, technical competence, biological activity of the tumor, protocol sequence and timing, and selection of endpoints interact 
to produce outcomes in tumor models. Common reliance on survival and tumor burden data in a single mouse model often skews expectations towards 
high remission and cure rates; a finding seldom duplicated in clinical trials. Inherent limitations of tumor models coupled with the advent of new 
therapeutic targets reinforce need for careful attention to design, conduct, and stringent selection of in vivo and ex vivo endpoints. Preclinical efficacy 
testing for anti-tumor therapies should progress through a series of models of increasing sophistication that includes incorporation of genetically 
engineered animals, and orthotopic and combination therapy models. Pharmacology and safety testing in tumor-bearing animals may also help to 
improve predictive value of these models for clinical efficacy. Trends in bioinformatics, genetic refinements, and specialized imaging techniques are 
helping to maintain mice as the most scientifically and economically powerful model of malignant neoplasms. 

Keywords. Preclinical efficacy testing; tumor models; study design; xenograft; orthotopic tumors; genetically engineered mice; bioiiiformatics; 
bioimaging. 



Introduction 
Malignant neoplasms rank second as the leading cause 
of death in the United States and ranked first in those aged 
45_74 (Anderson, 2002). As a result, anti-cancer therapies 
are a frequent focus for startup companies and represent ma- 
jor therapeutic classes for pharmaceutical, biopharmaceuti- 
cal, medical device and drug delivery manufacturers. Despite 
the effort applied to cancer targets, the number of successful 
new therapies for treating human malignancies is discour- 
agingly low. This is surprising in that many trials are now 
conducted using novel agents with specificity for molecu- 
lar pathways and cellular components rather than broad tar- 
geting of chemotherapy and radiation to normal and neo- 
plastic cells. Failures in clinical trials are multifactorial with 
lack of efficacy an important cause. Conversely, modulating 
and curing experimental cancer in mice is a relatively easy 
process. Many commonly used mouse models of neoplasia 
have proven to be biased towards false positive results and 
preclinical studies have not accurately predicted clinical re- 
sponses. Therefore, unconditional acceptance of limited data 
from mouse models has to be avoided to prevent premature 
movement of development programs into clinical testing. In- 
creasingly, the plethora of novel strategies undergoing test- 
ing requires greater attention to proper design and conduct 
of preclinical efficacy studies. Rationale design of preclinical 
efficacy studies requires understanding the biology of tumors 
and implantation techniques, selection of in vivo and ex vivo 
endpoints, and a willingness to integrate new and often costly 
testing strategies that more appropriately mimic the biology 
of human neoplasms. 
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Biomedical Models of Neoplasia 
for Preclinical Testing 
Spontaneous and Environmental Carcinogenesis Models 

Historically, spontaneous, chemical, ultraviolet (UV), 
oncogene, and viral infection models helped to define many 
aspects of carcinogenesis (Harrison, 2002) and therapeutic 
intervention (Boone et al., 1992) and helped to promote de- 
velopment of inbred strains of mice (Corbett et al., 2002). 
Despite the significance of spontaneous and environmental 
models to biomedical research, the long latency of most of 
these models makes them impractical for most preclinical 
studies of tumor modulation. Spontaneous, chemical and UV 
and viral infected or transformed tumors are of greatest im- 
portance as the source of many cells lines used for in vitro 
studies and in vivo transplantation models. 

Transplantation Models 

There are many immortalized cell lines of human and 
murine origin available from commercial sources and pri- 
vately held by research organizations that have been tested 
for tumorigenicity in mice (Giard et al., 1973; Gershwin et al., 
1977; Fogh et al., 1977; Trainer et al., 1988). In addition to 
availability, these tumorigenic cell lines are generally easy to 
maintain, selectable for unique mutations in vitro and backed 
by numerous publications on in vivo behavior in immunodefi- 
cient (nude, beige, nude/beige, C.B -17 severe combined im- 
munodeficient [SCID], nonobese diabetic [NOD]/SCID), im- 
munosuppressed (thymectomized or corticosteroid treated), 
humanized (hu)-SCID or hu-NOD/SCID and immunocom- 
petent strains of mice. However, quality control is an is- 
sue. Many cell lines have undocumented source and pas- 
sage histories, poorly characterized receptor and oncogene 
expression and cellular secretions, and inconsistent designa- 
tions in publications. Features that make these tumor lines 
suitable for transplantation may affect experimental design 
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because of the need for specific mouse strains, sex speci- 
ficity, and altered host immunity. Furthermore, spontaneous 
mutations in vitro that allow selection of tumor cell line 
subclones with unique behaviors can also result in point 
mutations that lead to changes in histomorphology, sensi- 
tivity, and behavior of these tumors in vivo. Dissociated 
solid tumors and fragments of tumors (explants) that retain 
histomorphology relationships of the tumor and associated 
stroma are also suitable for implantation (Gershwin et al., 
1977). Tumor cells from cell lines and solid masses of both 
human and mouse origin may require handling as biohaz- 
ardous material due to their histogenesis by viral transfor- 
mation or inadvertent contamination (Hay, 1991; Nicklas 
et al., 1993). The literature on tumors that have been used 
in mice to model important therapeutic targets in humans is 
vast. Due to the rapidly changing nature of biomedical re- 
search, a thorough and current literature search is warranted 
prior to selecting the most appropriate models for any ther- 
apeutic development program. A selection of representative 
mouse models (transplantation and genomic-based) for ma- 
lignant neoplasms causing death in humans is provided in 
Table 1. 

Criteria other than historical usage, and availability of the 
tumor line and a suitable mouse host need to be considered 
when testing efficacy of tumor modulation with therapeu- 
tics (Skipper, 1968; Huseby, 1969; Klausner, 1999). Even 
with genetically engineered models, multistep progression 
and clonal derivation of tumors in humans are difficult to 
model in mice. Therefore, foibles of these models need to be 
understood to prevent overinterpretation of positive or nega- 
tive results. 

CONSIDERATIONS IN SELECTING TUMOR MODELS IN MICE 
It is well recognized that our understanding of modeling 
of tumor biology and therapeutic intervention is constrained 
by many factors (Siemann, 1987; Rew, 2000a; Rew, 2000b). 
However, validation studies of these model systems for their 
ability to adequately predict therapeutic responses in patients 
have been rare (Hann and Balmain, 2001). Consequently, de- 
sign and interpretation of preclinical studies for tumor mod- 
eling must be undertaken carefully. 



Study Design 

Candidate anti-tumor agents can be identified and selected 
using a broad panel of in vivo tumors (Atassi et al., 1988) 
but false positive and negative results may occur due to in- 
compatible host-tumor-therapeutic interactions or technical 
incompetence. In efficacy studies, greater depth needs to be 
achieved through evaluation of at least several subtypes of 
the tumor representative of the clinical target, and through 
use of different models systems in mice (transplantation, ge- 
netically engineered, and orthotopic models) as well as use 
of models in other appropriate species. Conduct of animal 
studies that mimic expected exposure, scheduling, and du- 
ration of therapeutic and posttreatment periods of clinical 
studies are valuable designs prior to initiating clinical trials. 
Optimization of therapeutic dose and schedule through phar- 
macokinetic studies are also important early procedures that 
should be evaluated in one or more model systems. Efficacy 
studies should also incorporate histopathology endpoints to 
confirm expected therapeutic target and to help refine dose 
scheduling relative to growth and cell loss fractions. 

Investigators need to be aware that many historical and 
commonly used model systems in mice were originally estab- 
lished and optimized for use in mechanistic studies (Burger, 
2000). Conduct of efficacy testing in such systems has not 
been optimized and inadvertent selection of systems with 
excess curability, spontaneous regressions or failure to estab- 
lish adequate tumor burden (Corbett et al., 2002) can lead 
to overly optimistic projections of clinical success. Bias in 
the selection of the model(s) may also arise from experience, 
knowledge base and objectives of the investigator. Whereas 
pharmacologists, immunobiologists or cell biologists may 
consider direct intratumoral injection of therapeutics accept- 
able, needle tracks and pressure-induced necrosis (compart- 
ment syndrome) may interfere with adequate evaluation of 
such models by a histopathologist. Conversely, intratumoral 
administration of light activated substances is a common 
and appropriate route for photodynamic therapy of tumors 
(Casas et al., 1999). Design of efficacy studies for combina- 
tion protocols is often difficult. However, such studies can 
provide important efficacy data for the transition between 
novel therapies and standard treatment practices that may 



TABLE !.— Rank order of deaths due to malignant neoplasms in the United States in 2001 (Arias and Smith, 2003) and selected published reviews on applicable 
mouse models of these neoplasms. 





Malignant Neoplasms 




Selected Mouse Models 




Lung — trachea 


156,005 


Tuveson and Jacks, 1999; Malkinson, 2001; Liu and Johnston, 2002 


2 


Colon— rectum 


56,799 


Heyeret al., 1999; Kobaek-Larsen et al., 2000; Horig et al., 2001; Boivin et al.,2003 




Lymphoid — hematopoietic 


56,350 


Dykes and Waud, 2002; Uckun and Sensel, 2002; Vanderkerken et al., 2003 




41,844 


Hutchinson and Muller, 2000; Cardiff, 2001; Rosner et al., 2002; Clarke, 2002 


5 


Prostate 


30,714 


Royal et al., 1996; Navone et al., 1999; Abate-Shen and Shen, 2002; Nyska et al., 2002 


6 


Pancreas 


29,723 


Fu et al., 1992; Hotz et al., 2000; Standop et al., 2001; Bardeesy et al., 2001 






14,361 


Rahman et al., 1998; Rahman and Huhtaniemi, 2001; Orsulic et al., 2002 


8 




13,263 


Fausto, 1999; Feitelson and Larkin, 2001 


9 


Brain — meninges 


12,567 


Holland, 2001; Reilly and Jacks, 2001; Begemann et al., 2002; Gutmann et al., 2003 


10 


Esophagus 


12,509 


Opitz et al., 2002 


U 


Stomach 


12,340 


Furukawa et al., 1993b 


12 


Bladder 


12,115 


Eto et al., 2000; Bonfil et al., 2002 


13 


Kidney < 


12,084 


Naito et al., 1987b; An et al., 1999; Hillman, 2002 


14 


Oral 


7,638 


Waters et al., 1998; Myers et al., 2002 


15 


Skin 


7,543 


Alvarez, 2002; Eccles, 2002; Carson III and Walker, 2002 


16 


Uterus 


6,835 


Couse et al., 1997; Keshavarzi et al., 2002 


17 




4,064 


Herber et al., 1996 






3,826 


Chen et al., 2001; Kennel et al., 2002 
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include a combination of surgery, chemotherapy or radiation, 
and other supportive therapies (Bogden et al., 1974; Corbett 
et al., 1 979). In designing tumor model systems, investigators 
must guard against template designs that ignore inherent dif- 
ferences in model systems, and in using insufficient animals 
per group. This is particularly important in investigational 
new drug (IND) enabling studies where more animals per 
group and few groups may be required to adequately con- 
trol for variation in tumor burden and therapeutic responses. 
Consultation with a biostatistician to assist in determination 
of sample size appropriate to each model system is highly 
recommended. 

Context of the Study and Available Resources 

Therapeutic intervention conducted in tumor-bearing an- 
imals may occur as proof of principal studies for discovery, 
target validation, and in vivo pharmacology, or as investiga- 
tions for therapeutic efficacy, safety, and interactions. These 
types of studies often need to be designed and conducted 
differently than studies focusing on mechanistic studies. Ad- 
ditionally, an available supply of suitable strains of mice and 
investigators capable of providing necessary manipulations 
(injections, surgery, polytherapy, evaluations, and pathology 
services) may materially affect both quantity and quality of 
data that can be generated from selected models. 

Lack of Quality Control 

Investigators using cell lines should develop and maintain 
in-house databases that allow ready access to known features 
for tumor cell lines in their collections. A minimum list might 
include all applicable information that defines origin (human 
or animal), sex and strain of original host, treatment history 
(particularly human lines), name and subclone of the tumor 
line, source (commercial or private), passage history of all 
aliquots, species, strain and sex and routes susceptible to im- 
planted tumors, in vitro and in vivo growth characteristics, 
growth rate to maximum humanely accepted and lethal sizes, 
histomorphological characteristics, metastatic potential and 
method, immunogenicity, receptor and oncogene expression, 
cellular products, microbiological screening history, biohaz- 
ard potential (generally viral) and unique characteristics. This 
information is invaluable for preventing and investigating 
problems such as implantation failures, excess curability, 
microbial contamination, mislabeled or cross-contaminated 
stocks, and alterations in histomorphology and behavior that 
may arise from haphazard use of cell lines (Corbett et al., 
2002). With rare exception (Rosner et al., 2002), thorough 
characterization of comparative histology of tumor models 
using authenticated stocks has not been adequate. Addition- 
ally, microbial and cross-species contamination of cell lines 
has lead to erroneous conclusions in tumor biology (Moseley 
et al., 2003; Drexler et al., 2003). These problems are com- 
pounded by lack of source and passage history information 
reported by most laboratories conducting either mechanistic 
or efficacy studies. This is not a trivial problem, as the his- 
tomorphology and behavior of tumors grown from stocks in 
different laboratories may eventually differ from historical 
photomicrographs and behavior descriptions of the original 
tumor and its cell line (Schuh, unpublished data). Although 
the original passage history may not be known, investigators 
should strive to use contaminant free tumor lines of a con- 



sistent number of passages from an authenticated stock for 
preclinical testing. In addition to providing a known in-house 
passage history, testing from a stock provides a baseline and 
helps to reduce the potential for point mutations that may 
cause inter-study variation or erroneous test results. 

Paraneoplastic Syndromes 

Paraneoplastic syndromes typically result in clinical 
manifestations of altered physiological responses to au- 
tochthonous (spontaneous) neoplasms. These syndromes in 
mouse models of neoplasia have been seldom described 
(Liebelt et al, 1974) even though they exist. This oversight 
is brought on by the focused and short-term nature of most 
studies. Unlike safety studies where a complete set of tis- 
sues are collected and a clinical pathology examination con- 
ducted, efficacy studies are often completed without bene- 
fit of histopathology and clinical pathology examinations. 
This type of study design neglects important interactions 
of the host with tumor receptor expression and secretions 
produced by tumor cells or by stimulation of host cells by 
the tumor. Paraneoplastic syndromes include extramedullary 
hematopoiesis, bone marrow hyperplasia, peripheral granu- 
locytosis and leukocytosis (leukemoid reactions), thrombo- 
cytosis, anemia, altered lipid metabolism, hypercalcemia of 
malignancy, hypoglycemia, cachexia and organomegaly in 
nontumor-bearing tissues (Liebelt et al., 1974; Castillo et al., 
1982; Yoneda et al., 1991; Tanaka et al., 1996; Diament et al., 
1998, Schuh, unpublished data). Paraneoplastic syndromes 
represent potential models for similar syndromes in humans 
but causation are poorly characterized and effects of these 
syndromes on pharmacology, safety, and efficacy studies us- 
ing experimental tumors are unknown. 

Transplantation Protocols: Sites of Implantation Can Affect 
Study Outcome 

Autogeneic or autochthonous tumors are seldom practical 
for tumor modeling for therapeutic intervention. Most trans- 
plantable tumors are placed heterotopically (ectopically) in 
syngeneic (same species, genetically identical), allogeneic 
(same species, genetically different) or xenogeneic (differ- 
ent species and genetics) host systems. Tumor lines in use 
have been specifically selected for mutations that allow het- 
erotopic growth in mice. Although these tumors will grow 
and respond to therapeutics, heterotopic sites are not ideal 
and selection of the transplantation site may modulate tumor 
growth (Naito et al., 1987a; Corbett et al., 2002) and success 
of therapeutic intervention (Averbook et al., 2002). 

Subcutaneous (SQ) and less frequently intradermal ar- 
eas are used for primary tumors for reasons of accessibil- 
ity, lack of distress and interference with mobility in mice, 
and visibility for monitoring. Generally, SQ refers to place- 
ment by injection or surgical implantation in the flank, a re- 
gion referring to the posterior lateral abdominal quadrant. 
Some investigators erroneously include the hindlimb, back 
and axillary region in their description of the flank. Place- 
ment is generally done in fat and mammary gland tissues 
near popliteal, inguinal or accessory axillary lymph nodes. 
Despite the common use of SQ sites, it is important to note 
that even large tumors rarely, if ever, metastasize after im- 
plantation in this site (Gershwin et al., 1977; Eccles, 2002). 
Implantation in the hindlimb (including popliteal lymph node 
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fat) is sometimes considered superior to placement near body 
cavities for improved visualization and avoidance of acciden- 
tal intra-peritoneal or -thoracic implantation. Rarely, tumors 
may not be viable after SQ implantation and other sites may 
be required. Implantation of tumors into footpads is generally 
not acceptable for humane considerations (UKCCCR, 1998; 
Wallace, 2000). Intramuscular implantation is not common 
as cell lines and tumor explants may not grow well in muscle 
compared to SQ, leg mobility is restricted by large masses, 
expansion space is limited, measurements with calipers are 
more difficult and this site appears to be more prone to self- 
mutilation and a target for cage mate aggression. Fat pads 
other than classic SQ sites, including retroperitoneal, epi- 
didymal, intrascapular and mediastinal/thymic sites are also 
valuable locations for injection and surgical implantation to 
provide a highly vascular milieu that appears to assist in es- 
tablishment of xenogeneic tumors. A comparison of tumor 
viability in brown fat in interscapular areas, compared to the 
predominate white fat in other fat pads does not appear to 
have been made. 

Primary and sometimes metastatic models are also es- 
tablished by direct surgical or percutaneous intra-organ in- 
jections into spleen, liver, lymph nodes, mammary gland, 
prostate, base of the tongue (head and neck carcinoma), in- 
traluminal (bronchial, urinary bladder, thorax), cecal wall im- 
plantation (colorectal metastases), and kidney capsule. Injec- 
tion into brain and eye are often not considered acceptable 
by institutional animal care and use committees (IACUC) 
(UKCCCR, 1998; Wallace, 2000). 

Metastatic and sometimes primary tumor models are cre- 
ated by intravenous, intracardiac (ventricle), intraosseous in- 
jections or intravascular injections proximal to organs (e.g., 
portal vein for liver neoplasms). Despite careful preparation 
to reduce cell clumps and to inject slowly, such tumors are 
embolic and may grow in unintended sites. Most tumors show 
selective tissue tropisms, but tumors with broad tropism (e.g., 
lymphoma/leukemia) may grow within all tissues and result 
in large unmonitorable tumor burdens (Schuh, unpublished 
data). Investigators rarely evaluate tissues for metastases out- 
side of their specific area of interest (most often lung and 
bone) so that characterization of additional tumor burdens 
and thromboembolism of tumor cells on validity of these tu- 
mor models is lacking. Intraperitoneal injections of tumors, 
once a common route for leukemias and metastatic mod- 
els, have humane considerations that need to be considered 
(UKCCCR, 1998; Wallace, 2000). 

Implantation techniques must be practiced, as accidental 
injection into muscle masses or visceral cavities, and post- 
surgical inflammation can cause intra-study variability and 
lack of interstudy reproducibility. Migration through SQ tis- 
sues or leakage of cell suspensions is generally not an issue 
with proper technique and minimal volumes injected with a 
small gauge needle. Interstudy reproducibility of implanted 
tumor burdens may be affected by extent of cell separation, 
particularly for disruption of in vitro cultures or solid tu- 
mors (An et al., 1,999). In some efficacy studies, surgical 
implantation of hollow fibers (Sadar et al., 2002), matrigel 
and discs (Eccles, 2002), polymers (Righi et al., 2003), li- 
posomes (Kunstfeld et al., 2003), and transparent windows 
(Dellian et al., 1996; Li et al., 2000; Jain et al., 2002) can 
provide a tightly contained tumor environment to optimize 



reproducibility for certain endpoints such as angiogenesis. 
Inflammation and interference with tumor biology must be 
considered when utilizing surgically implanted devices for 
containment of tumor masses. 

Other Host-Tumor-Therapeutic Interactions 

Differences in tumor burden potential, angiogenic and ther- 
apeutic response have been shown to be due to differences in 
strains of mice tested (Naito et al., 1987b), primary implan- 
tation site and interval between tumor implantation and ther- 
apeutic manipulations (Wilmanns et al., 1992; Chakrabarty 
et al, 1994; Averbook et al., 2002; Monsky et al., 2002), and 
metastatic microenvironments (Averbook et al., 2002; Seki 
et al, 2003). For xenogeneic and syngeneic tumors that re- 
quire immunodeficient mice, differences in immunological 
defects between these strains should be understood. Simi- 
larly, immunogenicity of tumors in immunocompetent hosts 
may be an important modifying factor. Other factors that 
can affect tumor growth in vivo include concurrent manip- 
ulations such as surgery, radiation or concurrent treatments 
that produce inflammation and inhibit establishment of tumor 
cells. Conversely, stress and seasonal effects may increase 
tumor burden and distribution (Giraldi et al., 2000). Finally, 
for long standing tumors, tumor-induced cachexia may sup- 
press tumor growth and enhance efficacy (Laster et al., 1961 ; 
Chakrabarty et al., 1994; Mukherjee et al., 2002), similar to 
delays in tumor development found with intentional caloric 
restriction in rodents (Suttie et al, 2003). Therapeutic efficacy 
is also modulated through tissue specific and immunologic 
modifiers, and differences in drug metabolism and disposi- 
tion (Gershwin et al., 1977; Naito et al., 1987a; Wilmanns 
et al., 1992; Averbook et al., 2002; Seki et al., 2003). 

Specific strains of mice used for tumor models are usually 
matched to origin of the transplanted tumor. Where multi- 
ple tumor cell lines are available to model certain tumors, 
unique characteristics of these tumors such as host origin, 
oncogenes, receptors and secretions, and tumor stage may 
be an important consideration. However, these parameters 
are often difficult to match to comparable stages in humans 
(Harrison, 2002). With these limitations in available models, 
selection of or reporting only on tumors that are dramatically 
and positively affected by test therapeutics should be avoided. 
Testing therapeutic interventions on similar tumor types de- 
rived from multiple cell lines provides a test situation that 
partially addresses heterogeneity of tumors in humans. That 
some of these tumors may not be modulated by the test ther- 
apeutic should be expected, and these nonresponders should 
not be treated as preclinical failures or dismissed. Rather, 
both negative and positive tumor responses can provide in- 
vestigators with a more realistic expectation of therapeutic 
potential in humans, and the totality of the response across 
several models provides superior insight into activity of 
therapeutics. 

Endpoints and Evaluation Criteria for Tumor 
Models In Vivo 

Critical host-tumor-therapeutic interactions, dose- 
response, treatment protocol design, and selection of 
endpoints interact to produce outcomes in tumor modeling 
(Skipper, 1990; Kerbel, 1999). The goal in clinical oncology 
is regulation to improve survival and quality of life, and 
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to prevent recurrent disease rather than to cure/kill cancer 
(Schipper et al., 1995). More stringent criteria than curability 
of experimental tumors in mice need to be assessed to deter- 
mine therapeutic efficacy. Counts of tumor bearing animals 
and measurement of tumor burden are the easiest and most 
frequently used outcomes of efficacy in preclinical studies. 
In reality, endpoints need to be matched to type of tumor 
(solid, leukemia or metastatic), context of the study, acces- 
sibility of the implantation site, type of implantation, and 
therapeutic class. Simplistic criteria used in mouse models 
do not match criteria of partial and complete responses used 
in clinical oncology, and they contribute to the conflicting 
opinions about the relevance and predictability of mouse 
models. Therefore, use of other metrics, and evaluations 
of angiogenesis, immunomodulation, metastases, and 
detailed histopathology need to be incorporated into most 
study designs for preclinical testing. Despite the technical 
difficulty, labor-intensive nature, and expense commonly 
cited as limitations for detailed examinations, the utility 
of mouse models is improved by multiple and appropriate 
endpoints (Table 2). 

In Vivo Endpoints 

Tumor growth inhibition studies where treatment is pro- 
phylactically administered before or on the day of tumor in- 
duction are not realistic for preclinical evaluation of clini- 
cal responses. Typically, preclinical efficacy studies utilize 
tumor growth delay in which tumors are induced by injec- 
tion or surgical implantation and allowed to establish for 
a number of days prior to initiation of treatment. Solid tu- 



mors in accessible sites are amenable to a variety of met- 
rics that are not applicable to primary and metastatic tumors 
of internal organs and hematologic neoplasms. A count of 
tumor-bearing animals assumes that nontumor-bearing ani- 
mals represent tumor regression or cures. Spontaneous re- 
gressions, failure of tumors to become established or dis- 
placed tumor mass into adjacent body cavities may account 
for a small percentage of false cures. For this reason, tumor 
onset and progression should be monitored daily to ensure 
adequate and similar tumor masses prior to treatment and 
monitor onset of regression in each group. In models with 
log-phase tumor growth, animals can be randomized into 
treatment groups after a predictable period of development, 
usually 3-14 days. Conversely, less well-developed tumor 
models may require enrollment of individual animals into 
the study when the tumor burden reaches a minimum size. 
Such enrollment studies are difficult to evaluate. Allowing 
extra days for tumor growth may be as misleading as starting 
treatment on small tumor masses that have not established 
and show enhanced regression after onset of treatment. In 
vivo progression of tumor burden should be evaluated on 
a daily basis, excluding tumor free animals as they appear. 
Burden is commonly measured with calipers and volume es- 
timated from measurement of two (length and width) dimen- 
sions (Corbett et al., 2002; Teicher, 2002). Estimates of tu- 
mor weight (length[width 2 ]/2) using the typically inaccurate 
measurements derived from tumors of varying shapes and 
boundaries is not recommended. Tumor growth delay mea- 
sures the difference in days for the mean or median tumors in 
test and control animals to reach a specific volume, usually 



TABLE 2. — Endpoints to evaluate preclinical efficacy of tumor models in mice. 



Tumor onset Day of palpable t 

Tumor progression Daily plot of turn 

Number of tumor-bearing animals Tumor free assun 



n 3 ) — 2-dimensional measurement 



Delay to reach specific volume 
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2) Net Log io 
Increase in mi 



or cell kill 
or cell kill 
jr median lifespan c 



ival — number alive 1) Treatment 

2) Posttreatment 

or burden — gross pathology 1) Volume estimated (mm 3 ) — 2- or 3-dimensions 

2) Absolute weight (mass in mg as water displacement or wet wei 

3) Tumor weight relative to body weight 

4) Ulceration 

5) Invasion or tissue distribution and gross lesions (e.g., infarctior 
atology Incomplete blood count 

2) Differential blood count 

3) Bone marrow differential 
jpathology 1) Hematoxylin and eosin 

a. Confirm histogenesis and differentiation 

b. Identify invasion and metastases 

c. Confirm expected therapeutic activity 

d. Necrosis — characteristics and estimate percentage 

e. Evaluate angiogenesis, hemorrhage, edema, and immune ant 
' stromal responses 

2) Morphometries 

3) Immunohistochemistry and in situ hybridization 

4) Molecular pathology 



Length x width 
Length x (width x 2) b 
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2) (T-C) (duration of treatmei 
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th x width x depth 
5r weight/body weight 



58 



SCHUH 



Toxicologic Pathology 



0.5-1 .0 cm 3 . This value has been suggested to mimic clinical 
endpoints and disease progression, but this measure is often 
incorrectly applied. A 50% reduction in tumor mass as a mea- 
sure of cytoreduction used to gauge clinical responsiveness is 
not equivalent to 50% inhibition of tumor growth commonly 
used as a measure of preclinical efficacy (Corbett et al., 2002; 
Teicher, 2002). Tumor cell kill (net and total) for leukemic 
or solid tumors requires tumor titration using 10-fold dilu- 
tions to determine doubling time, and comparison to tumor 
growth delay and duration of treatment. Despite the value and 
more exact nature of these determinations, extra time and ad- 
ditional test animals required generally result in infrequent 
use of these endpoints (Corbett et al., 1999; Harrison, 2002; 
Teicher, 2002). Survival data should not be mistaken for mor- 
tality, an unacceptable endpoint (UKCCCR, 1998; Wallace, 
2000). An increase in percentage mean or median survival 
may be measured for the lifespan or in long-term survivors. 
Clinically, posttreatment survival is a valuable endpoint that 
evaluates treatment efficacy during and after treatment. Sur- 
vival at study termination is inadequate due to the short dura- 
tion of most assays and lack of posttreatment data. For many 
tumors, a log-linear growth cannot be assumed, and more 
importantly, regrowth of tumors post-treatment may esca- 
late due to increased doubling times (Gunduz et al., 1979; 
Teicher, 2002). Retention of a subset of animals for several 
weeks after treatment ends may demonstrate a rapid regrowth 
of tumor at the efficacious dose that quickly parallels mor- 
bidity of controls and lower dose groups. In spite of a delay 
in tumor growth over the treatment period, a rebound ef- 
fect post-treatment would be an indication of lower overall 
efficacy. 

Ex Vivo Endpoints 

At study termination, volume measurements similar to 
those performed in vivo can be made at gross pathology, 
but mass (water displacement) or absolute wet weight ex 
vivo is more exacting. Volume measurements at termination 
may show significant disparity from final in vivo measure- 
ments. Irregular shapes, small or multilobular masses and 
necrosis, edema, and hemorrhage all contribute to variation 
in estimates of tumor burden measurements. Relative tumor 
to body weight ratios are often useful to gauge therapeutic ef- 
ficacy in slow growing tumors and when cachexia is present. 
The relative ratio can reduce or expand differences between 
controls and treated animals and is a valuable and easily ob- 
tained supplement to absolute tumor weight. Visualization 
and quantification of metastases is particularly difficult to 
monitor as multifocal and occult tumor burdens are frequent. 
Flooding of airways with India ink to highlight lung masses 
for counting, "bread loafing" of the target organ for metastatic 
counts and organ weight differences compared to controls are 
inexact measurements prone to intra- and inter-study vari- 
ability. Such models are better served by tagged tumors and 
advanced imaging technologies. Gross pathology examina- 
tion should evaluate presence or absence of ulceration, ex- 
tent of intentional or inadvertent invasion, tissue distribution 
beyond the primary implant site, and identify other gross le- 
sions. Accidental implantation of tumors into body cavities 
can skew results by partial growth of tumor at the intended 
site that responds to treatment, along with a large internal 
tumor burden that is unresponsive to treatment. Hematology 



(complete blood count and differential) and bone marrow dif- 
ferentials (smears or fluorescent activated cell sorting anal- 
ysis) can provide data about paraneoplastic syndromes and 
toxicity. However, hematology and histopathology endpoints 
are often considered elective. Histologic screening of tumors 
is valuable to confirm histogenesis and state of differentia- 
tion of tumors for quality control and to identify and separate 
local invasion from metastasis. Characteristics of the tumor 
such as necrosis, angiogenesis, hemorrhage and immune cell 
and stromal responses should be monitored. More impor- 
tantly, histology should confirm the expected activity and 
target of the therapeutic class. Novel therapeutics currently 
under development are driving the need for additional ex vivo 
studies such as morphometry to evaluate angiogenesis and 
apoptosis, immunohistochemistry, in situ hybridization and 
molecular pathology to evaluate changes in macromolecules, 
immunophenotypes and nucleic acids. 

Pharmacology and Safety Endpoints 
in Tumor-Bearing Animals 

Toxicokinetic (TK), and absorption, distribution, 
metabolism, and excretion (ADME) studies are generally 
performed early in drug discovery (Lin et al., 2003) and are 
often incorporated into anti-tumor protocols to determine 
dose and scheduling. Conversely, safety testing is almost 
exclusively performed in non tumor- bearing animals. Con- 
sidering the altered homeostasis of most tumor-bearing 
animals and humans, safety in a tumor-bearing host should 
be considered to fully evaluate the therapeutic response and 
potential. Adverse events can be monitored using a standard 
safety protocol in tumor and a non-tumor-bearing mouse 
model, but tolerability of treatment is more difficult to 
monitor. Limited resources and economic restraints would 
not support conduct of a full safety program in tumor-bearing 
animals, but examination of a full panel of tissues from at 
least one model may be useful to identify adverse effects, 
modulation of paraneoplastic syndromes, and tolerability 
issues. Although safety information is generally collected in 
immunocompetent animals, use of immunodeficient strains 
may be a better predictor of TK/ADME and safety as a 
mimic of immune dysfunction after chemotherapy, radia- 
tion therapy, surgery (Wichmann et al., 2003), infections 
and paraneoplastic syndromes (Tanaka et al., 1996). A 
modified safety study can be incorporated into an efficacy 
study by collecting a complete or selected list of tissues 
from tumor-bearing animals and by including treated but 
non-tumor-bearing animals as additional controls. Although 
safety information in tumor-bearing animals may be incom- 
plete, this data supplements efficacy, TK and ADME data 
and can provide needed redirection in dosage and scheduling 
for subsequent studies. 

Humane Considerations 

Therapeutic intervention trials may use both short-term 
and long-term tumor growth models depending on growth 
rate and aggressiveness of the tumor. Mortality should not be 
used as an endpoint. Commonly used endpoints such as tumor 
burden should be limited according to absolute values and 
relative to body weight. Therefore, careful monitoring and 
humane endpoints need to be developed in conjunction with 
the IACUC. Ulceration, tissue and body cavity distension, 
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inanition, cachexia, anemia, increased intracranial pressure, 
self-mutilation, cannibalism, and metastases also contribute 
to premature death of study animals and may require a limited 
protocol or modified study design (UKCCCR, 1998; Wallace, 
2000). 

Trends in Tumor Modeling 

Bioinformatics and Mouse Models of Cancer 

The evolution of new mouse models of cancer is tightly 
bound to knowledge gained from sequencing of human and 
mouse genomes, and compilation and dissemination of this 
knowledge on the World Wide Web. Important databases 
for tumor modeling include the Mouse Tumor Biology 
Database at (http://tumor.informatics.jax.org) (Naf et al., 
2002), databases accessible through the National Center of 
Biotechnology (http://www.ncbi.nlm.nih.gov) including hu- 
man and mouse genomes (Wheeler et al., 2003) and The 
Whole Mouse Catalog (http://www.rodentia.com/wmc/). 

, Technical Trends in Tumor Modeling 

Technical advances in tumor modeling have included use 
of skin fold and transparent windows (Dellian et al., 1996; Li 
et al., 2000; Jain et al., 2002), matrigel (Eccles, 2002), poly- 
mers (Righi et al., 2003), liposomes (Kunstfeld et al., 2003), 
chambers (Dvorak et al., 1987) and hollow fibers (Sadar et al., 

2002) to contain tumor growth and monitor angiogenesis. Ex 
vivo perfusion (Kristjansen, 2002) and intravital microscopy 
are providing insights into drug metabolism, angiogenesis 
and in situ tumor responses (Jain et al., 2002). 

Improved imaging of tumors has revolutionized nonin- 
vasive monitoring of distribution, growth, metastasis and 
morphometries of tumor models in mice. Available sys- 
tems include micro positron electromagnetic imaging (Ray 
et al., 2003; Yang et al., 2003), magnetic resonance imag- 
ing (Berr et al., 2003; Nelson et al., 2003), in situ visualiza- 
tion of primary and metastatic tumors and occult metastases 
(Menon and Teicher, 2002), using improved iluorochromes 
(Rosenberg et al., 2003) and quantum dots (Watson et al., 

2003) , green fluorescent protein (GFP) (Hoffman, 2002), and 
luciferase (Edinger et al., 1999; Burgos et al., 2003). Im- 
proved iluorochromes, GFP, and LacZ (Kruger et al., 1999; 
Gulp et al., 2001) are also retained within tissues and al- 
low microscopic evaluation by fluorescent microscopy and 
histochemical or immunohistochemical staining of tumor 
tissues. Laser capture microdissection is a proven technol- 
ogy for identification of genetic heterogeneity of tumors that 
continues to expand our knowledge of tumor biology (Gulp 
et al., 2001; Hoon et al., 2002). Specialized microscopy us- 
ing confocal (Paddock, 1999) and deconvolution (Maierhofer 
et al., 2003) microscopes are also positioned to provide op- 
tical sectioning for identification of 3-dimensional distribu- 
tion of tumor elements and drug distribution within tumors 
(Manivasager et al., 2002). While many of these improve- 
ments are expensive and impractical for incorporation into 
preclinical studies, selective use of advanced technologies 
in drug discovery, pharmacology and preclinical studies can 
provide minimally invasive and detailed information about 
host-tumor-therapeutic interactions in vivo at multiple time- 
points. 



Biological Trends: Genetically Engineered Mice 

Neoplastic transformation and progression requires a se- 
ries of genetic alterations that disrupt the balance of cellu- 
lar mechanisms involving cellular growth and deletion. Mice 
have played an important role in defining the genetic mech- 
anisms of carcinogenesis. Thus, it is no surprise that genet- 
ically engineered mice (GEM) are beginning to take their 
rightful place as models that show accelerated tumor devel- 
opment and recapitulate the genetics and behavior of hu- 
man cancer states and cancer resistance (Mickisch et al., 
1991; Pitot, 2001; Klatt and Serrano, 2003). Selected target 
genetic events allow creation of gene-driven gain of func- 
tion transgenic, loss of function deletion (Reilly and Jacks, 
2001; Meuwissen et al, 2001; Resor et al., 2001; Balmain, 
2002; Jackson-Grusby, 2002; Herzig and Christofori, 
2002; Tuveson and Jacks, 2002; van Dyke and Jacks, 

2002) , conditional function (Jonkers and Berns, 2002), clones 
(Rideout III et al., 2000) and phenotypically-driven Af-ethyl- 
AT-nitrosourea mutants (Justice et al., 1999; Balmain, 2002). 
Although genetically engineered mice have been advocated 
for preclinical testing (Feitelson and Larkin, 2001; Horig 
et al., 2001), problems associated with these models include 
discordance in etiology and histogenesis between human and 
mouse tumors, multifocal tumors due to multi- tissue dele- 
tions or promotor promiscuity, failure to metastasize, vari- 
able penetrance of transgenes, long latency (Rosenberg and 
Bortner, 1999; Moore and Nagle, 2000), limited availability, 
lack of extensive historical pathology databases for founder 
strains (FVB, 129 strains, BALB/c), and costs and effort in 
creating and maintaining specialized GEM animal colonies. 
Regardless, the ability to use GEM to genetically, anatomi- 
cally, pathophysiological^ and histologically mimic tumors 
found in humans is becoming a reality. As more logistical 
problems are overcome, these genomic-derived models will 
likely become more consistently incorporated into preclinical 
testing. Compared to transplantation models, GEM will be 
particularly useful to create tumor states that were previously 
difficult to model including nervous system (Gutmann et al., 

2003) , pancreas (Hotz et al., 2000; Bardeesy et al., 2001), 
lung (Tuveson and Jacks, 1999; Liu and Johnston, 2002), 
breast (Hutchinson and Muller, 2000), ovarian (Rahman 
et al., 1998; Rahman and Huhtaniemi, 2001; Orsulic et al., 
2002), prostate (Sharma and Schreiber-Agus, 1999; Navone 
et a!., 1999), oral (Opitz et a!., 2002), liver (Fausto, 
1999; Feitelson and Larkin, 2001; Koike, 2002), hema- 
tologic malignancies (Bernard! et al., 2002; Herzig and 
Christofori, 2002), pediatric tumors (Beltinger and Debatin, 
2001; Houghton et al., 2002), gene-environment interactions 
(Hursting, 1997), and metastases (McClatchey, 1999; Herzig 
and Christofori, 2002), and to test interventional feasibility 
for novel therapeutics against bone metastasis (Fausto, 1 999), 
cell adhesion dysfunction (Herzig and Christofori, 2002), 
telomere dysfunction (Goytisolo and Blasco, 2002; Artandi, 
2002; Granger et al., 2002), ribosomal RNA modification 
(Ruggero et al., 2003), and DNA hypomethylation (Good- 
man and Watson, 2002; Gaudet et al., 2003). Despite these 
ongoing advances in model systems, disease states associated 
with tumors such as minimal residual disease (Teicher, 1997; 
Wetterwald et al., 2002), concurrent opportunistic infections, 
and treatments such as surgical debulking and combination 
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therapy will continue to resist modeling in mice for practical 
and humane concerns. 

Biological Trends: Modified Immunodeficient Mice 

Nude (athymic) and C.B-17 SCID (T and B cell deficient 
mice) fail to reject engraftment with a variety of human and 
mouse tumor cells (Pettaway etal., 1996;Lapidotetal., 1997; 
Bankert et al., 2002;- Giovanella, 2002; Uckun and Sensel, 
2002) by virtue of their T and B cell defects. The presence of 
innate immunity, particularly natural killer (NK) cell activ- 
ity is probably an important factor in limiting tumorigenesis 
and metastases in these models. The nude mutation results in 
a mouse that is T cell deficient and has B cell maturational 
defects, but with intact innate immunity including tumori- 
cidal macrophages and an increase in NK ceils. This muta- 
tion has been introduced into many mouse strains. Introduc- 
tion of the beige mutation blocks NK and myeloid-derived 
cell activity and additional B cell defects result by crossing 
with the X-linked immunodeficiency mouse. The Chediak- 
Higashi syndrome (hypopigmentation, bleeding diathesis and 
recurrent bacterial infections) in mice or hybrids with the 
beige anomaly limits their usefulness in surgical, including 
orthotopic models (Clarke, 2002). The T and B cell defi- 
cient SCID mouse has been particularly amenable to fur- 
ther manipulation and modifications involving expanded im- 
munodeficiencies and "humanization." These mice are useful 
for mechanistic studies and for evaluating anti-tumor thera- 
pies on human xenografts (Bankert et al., 2001). However, 
NK cell activity and the tendency of some SCID mice to 
become "leaky" and develop active T and B cells, and early 
onset lymphoproliferative diseases can be problematic. Intro- 
duction of the nonobese diabetic (NOD) mutation and recom- 
bination activating gene (Rag) deficiency are useful modifiers 
for the SCID mutation (Clarke, 2002; Eccles, 2002). The 
NOD mouse is a complex model of immune defects that in- 
cludes autoimmune mediated type- 1 diabetes and sialitis, and 
Rag- 1 and Rag- 2 null state produces a severe combined im- 
munodeficiency. Combination of these mutations with SCID 
defects results in mice that are no longer leaky and NK 
cell activity is reduced while retaining the ability to support 
xenografts (Bankert et al., 2001). 

SCID or NOD-SCID mice made chimeric with implanted 
human lymphoid tissues, peripheral blood cells or bone mar- 
row cells are the most commonly used "humanized" mouse 
models. These models have been generated to provide surro- 
gate human microenvironments and to test immunotherapies 
(Bankert et al., 2001). Anti-tumor responses in humanized 
mouse models have not been extensively validated and their 
use supplements rather than supplants other mouse models 
for antitumor testing. 

Biological Trends: Orthotopic Models 

Less than ideal growth and behavior of heterotopic im- 
plants has lead to development and characterization of surgi- 
cal and cellular orthotopic implants (Manzotti et al., 1993). 
Both normal and neoplastic cells (individual or clusters) and 
histologically intact tissues, of fetal and adult origin can be 
used in syngeneic and xenogeneic orthotopic mouse systems. 
Normal tissues can be implanted and mice injected with tu- 
mor cells to produce an improved metastatic model, and us- 
ing tumor cells' with a reporter gene allows enhanced imaging 



capabilities. Implantation of tumor tissue into anatomically 
correct tissue for the histogenesis of the tumor (i.e., kidney 
tumor in kidney) rather than heterotopic implantation pro- 
motes improved tumor growth and metastases (Naito et al., 
1987a, 1987b; Menon and Teicher, 2002). Orthotopic mod- 
els also allow correlation of experimental responses with the 
original tumor in the host (Steel, 1987). 

Although orthotopic models have been utilized for many 
years, the need for surgical manipulation in many of the mod- 
els and need for a fresh source of human tissues (normal or 
neoplastic) adds to the difficulty and expense of this type of 
implantation. Regardless, orthotopic models provide a useful 
mbdel for establishing tumors previously difficult to model 
(Fu et al., 1992; Furukawa et al., 1993a, 1993b; An et al., 
1 999; Myers et al., 2002) and can be used alone or in combina- 
tion with humanized mice (Klausner, 1999; Kunstfeld et al., 
2003). Orthotopic models allow efficacy testing for tumor 
inhibition and metastases (Menon and Teicher, 2002; Zhang 
et al., 2002; Boyd et al., 2003) and appear to be better predic- 
tors of clinical success than heterotopic models (Kuo et al., 
1993; Manzotti et al., 1993; Killion et al., 1999; Hoffman, 
1999; Bloomston et al., 2002). 

Other Animal Models for Preclinical Efficacy Studies 

Their size, fecundity, ease of handling, relatively eco- 
nomical production and care (excluding genetically altered 
mice), strain selection, and short gestation backed by massive 
databases of susceptibilities, genetics, immunology, physiol- 
ogy, pathology, and microbiology make mice an ideal candi- 
date for tumor biology and preclinical efficacy studies. Rats 
and hamsters are also useful for biological and therapeutic 
modulation because of their propensity to develop a vari- 
ety of spontaneous rumors, their amenability to tumor im- 
plantation, availability of cell lines (Schwartz and Gu, 2002; 
Thompson and Sporn, 2002), and recent development of ge- 
netically altered rats lacking suppressor genes linked to breast 
and ovarian cancer (Zan et al., 2003). Beyond rodents, a lim- 
ited number of spontaneous neoplasms in companion and do- 
mestic animals (Vail and MacEwen, 1997; Knapp and Waters, 
1997; Dewhirst et al., 2002) and other species including ge- 
netically altered fish (Vanchieri, 2001; Spitsbergen and Kent, 
2003) also have some potential value in preclinical efficacy 
testing. Dogs, particularly older males provide a very use- 
ful model of prostatic disease (Waters and Bostwick, 1997; 
Waters et al.,"l998; Strandberg, 2000) and dogs larger than 
purpose-bred Beagles are often the only relevant model to test 
medical devices or device/drug combinations for anti-tumor 
applications. 

Towards an Ideal Preclinical Efficacy 
Testing Program 
In order to transition into clinical trials, regulatory agen- 
cies must be provided with evidence that the new therapeu- 
tic has an improved safety and/or efficacy profile compared 
to current therapies. Therefore, selection of tumor models 
in mice is best approached by using specific criteria that 
match biologic (multistage, clonal, progression, histomor- 
phology, and metastasis), genetic (multiple mutations, altered 
chromosomes and cell signaling, genetic expression profile 
and susceptibility), inductive etiology (chemicals, UV light, 
diet, hormones and viral), immunogenicity and therapeutic 
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FIGURE 1. — A guide for preclinical efficacy testing of anti-tumor therapeutics. In addition to toxicokinetics (TK) and absorption, distribution, n 
excretion (ADME) studies, development programs should progress through an increasingly complex series of tumors in one or more mouse models, genetically 
engineered mice (GEM) and suitable models in other species. Once a probable level of efficacy is established by use of stringent endpoints in multiple models, 
an investigational new drug (IND) application may be feasible. Safety studies in tumor-bearing mice should be considered to evaluate toxicity during altered host 
homeostasis. If insufficient efficacy is established, additional studies utilizing orthotopic models, GEM and combination therapy models may be necessary to provide 
sufficient evidence of probable clinical efficacy. Well-characterized orthotopic and GEM models may be biologically superior to testing in other models and may 
provide a shortcut (dotted line) to demonstrating efficacy. 




potential (target and predictivity for clinical success) between 
mice and humans (Siemann, 1987; Hann and Balmain, 2001; 
Balmain, 2002). Although a generic program is not advo- 
cated, in vivo preclinical efficacy programs for anti-tumor 
therapeutics should follow a guide for testing similar to that 
outlined in Figure 1. After selecting the appropriate dose 
and scheduling, an efficacy program most economically pro- 
gresses from simple to more complex tumor model systems. 
Use of one or more simple models alone to determine possi- 
ble clinical efficacy is contrary to the complexity and issues 
associated with tumor models in mice and the variation in 
accepted therapeutic protocols in clinical oncology. Utilizing 
multiple surrogate models (cells and explants, different stains 
of mice and/or additional species, different tumor stages), 
transplants using variants of the target tumor, and tumor test- 
ing in genetically altered animals begins to provide sufficient 
efficacy data that can support an IND application. This ef- 
ficacy data should be accompanied by results from PK and 
ADME studies that evaluate kinetics in one or more tumor 
model systems. The IND application can also be strength- 
ened by conducting safety studies in tumor-bearing animals 
as a model to mimic altered homeostasis in tumor-bearing 
humans. 

Ideally, the IND should only be filed after completion of 
additional preclinical studies that match the genetic hetero- 
geneity of human tumors (multiple animal and tumor mod- 
els), at least partially match tumor prone genetic profiles in a 
tumor-bearing host (genetically altered animals), match tis- 
sue tropisrn (orthotopic models), and match the most accepted 



therapeutic protocols (combination therapy models). In some 
cases, the most appropriate models will be GEM or orthotopic 
models and a limited number of studies in standard mouse 
models are justified. Incorporation of multiple levels of ef- 
ficacy testing along with careful selection of endpoints will 
lead to a development program that most closely matches 
molecular targets, therapeutic protocols and outcomes en- 
countered in the clinic. Testing through all tiers may not be 
applicable or warranted and completion of all steps is not 
a guarantee of correlation with clinical efficacy. However, a 
thorough preclinical efficacy program provides greater assur- 
ance of potential therapeutic efficacy and safety than tumor 
modeling restricted to one or two implanted tumors in a sin- 
gle strain of mouse. The expense of comprehensive model- 
ing and additional time spent in preclinical testing is modest 
compared to failure in phase II and phase III clinical trials. 

Summary 

Transitions from in vitro to preclinical and then to clini- 
cal testing for tumor modulation remain difficult with a low 
rate of clinical entry for most therapeutic classes. Increased 
understanding of mechanisms of neoplasia through macro- 
molecular biology, genomics and bioinformatics is helping 
to address treatment bottlenecks such as lack of specificity, 
low efficacy, toxicity and drug resistance, and helping to 
identify critical targets for clinical exploitation. In addition 
to cytotoxic, hormonal, adjunct, and medical device thera- 
pies, numerous novel strategies for enhanced and targeted 
drug deliver, anti-angiogenesis (inhibitors and enhanced 
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permeation), immunotherapy (vaccines, monoclonal anti- 
bodies, toxin conjugates, prodrug activators, cytokine antag- 
onists), small molecules (inhibitors of growth, matrix and 
adhesion), apoptosis (enhancers, inducers, proteasome in- 
hibitors, reverse DNA methylation), anti-sense and gene ther- 
apy (tumor suppressor genes) and cell cycle alterations (in- 
hibitors) are being developed for the anti-tumor market. How- 
ever, our ability to model and accurately predict clinical ef- 
ficacy is limited. Despite historical significance and ongoing 
utility, tumor models in mice used for preclinical therapeutic 
intervention often error towards false positive results and cur- 
ing cancer in mice. The inadequacy of classic transplantation 
models for anti-tumor therapy is helping to drive development 
and use of new models based on genetic and technical mod- 
ifications. However, underlying limitations of tumor models 
reinforce the need for careful attention to design (applying 
correct models to the question), conduct (using multiple mod- 
els) and interpretation (recognizing limitations and applying 
stringent criteria to outcomes) of efficacy studies for tumor 
modulation. Animal models can provide quick answers but 
application of these results to predicting clinical outcomes is 
often undertaken prematurely. New strategies and techniques, 
and continued improvements in stringency and consistency 
of criteria used for evaluating outcomes will be necessary to 
ensure that tumor models in mice remain a useful tool for 
development of anticancer agents and devices. 
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Analysis of VSV mutant with attenuated cytopathogenicity: 
mutation in viral function, P, for inhibition of protein synthesis. 



T1026, a ts mutant of VSV which is much less cytopathogenic than its 
parent, HR, and which can establish persistent infection under certain 
conditions, is a double mutant. In addition to its ts mutation in the virion 
RNA polymerase, T1026 has a second non-ts mutation in a viral function 
termed "P". This function is responsible for the inhibition of total protein 
synthesis in infected cells and acts chiefly at the level of translational 
initiation. In some cell systems, the inhibition of protein synthesis produced 
by P appears to be selective for cellular protein synthesis, whereas in other 
cell systems, both cellular and viral protein synthesis are inhibited. T1026 
and its ts revertants are phenotypically P- -that is, cells infected with them 
show total protein synthesis rates equal to or greater than uninfected cells, 
while synthesizing viral proteins at the same or even greater rates than HR- 
infected cells. The P- mutation is correlated with failure to increase plaque 
size after 2-3 days of incubation. Since viral mutants obtained from 
persistently infected cultures in a variety of systems appear to be double 
mutants with a ts mutation in the virion RNA polymerase and a small plaque 
marker, we suggest that T1026 could represent a model for such mutants. 
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Interferons are circulating factors that bind to cell surface 
receptors, activating a signaling cascade, ultimately leading to 
both an antiviral response and an induction of growth 
inhibitory and/or apoptotic signals in normal and tumor cells 1 . 
Attempts to exploit the ability of interferons to limit the 
growth of tumors in patients has met with limited results 2 
because of cancer -specific mutations of gene products in the 
interferon pathway". Although interferon-non-responsive 
cancer cells may have acquired a growth/survival advantage 
over their normal counterparts, they may have simultaneously 
compromised their antiviral response. To test this, we used 
vesicular stomatitis virus (VSV), an enveloped, negative-sense 
RNA virus 8 exquisitely sensitive to treatment with interferon 9 . 
VSV rapidly replicated in and selectively killed a variety of 
human tumor cell lines even in the presence of doses of inter- 
feron that completely protected normal human primary cell 
cultures. A single intratumoral injection of VSV was effective in 
reducing the tumor burden of nude mice bearing subcuta- 
neous human melanoma xenografts. Our results support the 
use of VSV as a replication-competent oncolytic virus and 
demonstrate a new strategy for the treatment of interferon 
non-responsive tumors. 



We infected normal and tumor cell lines with 
Indiana strain of vesicular stomatitis virus 
(VSV) in the presence and absence of inter- 
feron. Infection of primary human fibroblasts 
(OSF 7, 12 and 16), primary human prostate 
epithelial cells and primary human ovarian 
surface epithelial cells produced lower virus 
yields after an overnight infection than did 
parallel infections of a range of human tumor 
cells (Table 1). Moreover, pre-treatment of the 
normal cell cultures with interferon reduced 
viral production to less than 1,000 infectious 
viral particles per ml, whereas tumor cell lines 
continued to produce copious amounts of 
virus particles (lCf-lO 8 plaque-forming units 
per ml). Some tumor cell lines (such as C13) 
had some reduction in virus yield after inter- 
feron priming, indicating that they have an 
impaired but not completely defective inter- 
feron response. The differences between the 
various cell types was reflected not only in the 



production of virus particles but also in the cytopathic effect 
seen at the microscopic level. At 12 hours after infection, SK- 
MEL melanoma cell cultures showed extensive cytopathic effect 
and were completely obliterated by 24 hours (Fig. 1). 
Pretreatment with interferon failed to protect melanoma cells 
from being killed by VSV. Primary human fibroblasts (AG 1522) 
and epithelial cells (prostate epithelial cells and human ovarian 
surface epithelial cells) showed no overt cytopathic effect at 12 
or 24 hours after infection (data not shown), but by 36 hours 
after infection they began to show signs of the cytopathic effect 
associated with VSV replication (Fig. 1). In contrast to the 
melanoma cultures, however, pretreatment of normal primary 
cells with interferon was protective and rendered them indistin- 
guishable from uninfected cells even at 72 hours after infection 
(Fig. 1). We obtained similar results for all of the tumor and 
normal cells in Table 1 (data not shown). In these experiments, 
target cells were infected at a multiplicity of infection (MOI) of 
0.1 plaque-forming units (PFU) per cell. Thus, the extensive 
cytopathic effect in the tumor cell population reflects the rapid 
growth and spread of VSV through the tumor cell culture. We 
itly found a more rapid and fulminant growth of VSV 
cells than in primary normal cell cultures of fibroblas- 



Table 1 virus yield after overnight infection of cell lines either untreated or treated 
with interferon 



Cell line 


Viral tib 


2r (FFU/fnl) 




Untreated 


interferon -a 


OSF7 (primary normal human fibroblast) 


IxICP 


<io 


OSF1 2 (primary normal human fibroblast) 


2x 1CP 


<io 


OSF1 6 (primary normal human fibroblast) 


IxICP 


<io 


FrEC (primary normal human prostate epithelium) 


8x 1CP 


<io 


HOSE (primary normal human ovarian surface epithelium) 


1 x 1C 7 


<1,000 


A2783 (human ovarian carcinoma) 


2x 1CP 


Ixltf 


OVCA 420 (human ovarian carcinoma) 


IxICP 


3x 1CP 


CI 3 (human ovarian carcinoma) 


IxICP 


1 x 1CP 


LC80 (human lung carcinoma) 


2x 1CP 


6x 10 7 


SK-IVEL3 (human melanoma) 


IxICP 


IxICP 


LNCAP (human prostate carcinoma) 


4x1C? 


5x 1CP 


HCT1 16 (human colon carcinoma) 


1 x 1CP 


2x 1CP 


293T (HEK cells transformed with Tantigen and Ad virus E1A) 


IxICP 


8x ia 


Normal and transformed cell lines were either untreated or pre-treated wi 
at an MDI of Q1 FRMml and incubated for 18h at 37 °C. VSVproducti 
medium from each sample. Ad, adenovirus. 


th 100unitsof 
on titers were c 


nterferon-a, infected 
letermined in culture 
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Fig. 1 The VSV-induced cytopathic effect is visible in human melanoma 
cells but not in primary human cells with or without interferon-a. G elatin- 
coated coverslips with normal human cells and SK-MEL3 cells untreated 
or pretreated with 100 U/ml interferon-a were infected with VSV at an 
MOI of 0.1 PFU/ml. a, The human melanoma cells (SK-MEL3) shows cyto- 
pathic effect at 1 2 h after infection even in the presence of interferon. At 
24 h after infection, these malignant cells have died and lifted from the 
coverslip. b, Human primary cells, including foreskin fibroblasts 
(AG1522), ovarian surface epithelial cells (HOSE) and prostate epithelial 
cells (PrEC), do not show a cytopathic effect until 36 h in the absence of 
interferon, and are completely protected in the presence of interferon 
beyond 72 h after infection. 



tic or epithelial origin. Although interferon is effective in 
protecting normal cells from killing by VSV, it is unable to do so 
in a broad range of tumor types 

We tested the ability of VSV to be a selective oncolytic agent. 
In this experiment, we used the human 293T transformed cell 
line that expresses simian virus 40 large T antigen, and normal 
human foreskin fibroblasts. Using antibodies against large T 
antigen we were able to distinguish 293T cells (Fig. 2, red and 
blue staining) from human foreskin fibroblasts (Fig. 2, blue 
staining). We cultured equal numbers of each cell type on cov- 
erslips and infected them at an MOI of 0. 1 PFU/cell in the pres- 
ence and absence of interferon. Initially, both cell types had a 
spindle-like morphology with large oval nuclei. After 12 hours, 
most of the 293T cells showed nuclear changes (data not 
shown) and by 24 hours after infection, all of the remaining 
cells expressing large T antigen had very condensed or frag- 
mented nuclei reminiscent of apoptosis (Fig. 2) even in the 
presence of interferon. As expected, the human foreskin fibrob- 
lasts were protected from VSV beyond 24 hours in the absence 
of interferon and beyond 36 hours in the presence of inter- 
feron (Fig. 2). This experiment demonstrates the highly selec- 
tive destruction of malignant cells by VSV, a phenomenon 
made even more salient by interferon administration. 

An essential, dose-limiting site of conventional cancer thera- 
pies is the bone marrow. We found, however, that bone 
marrow cultures from two separate healthy donors produced 
no infectious VSV particles, even when infected al 
10 PFU/cell. Moreover, the infected bone marrow ci 
indistinguishable from mock-infected (medium alo 
in their ability to form the normal spectrum of ha 
cell types after in vitro culture in methylcellulose. \ 
acute myelogenous leukemia (AML) cell line: 
0CI/AML4 and 0CI/AML5 were very susceptible 



Hours after infection 



i MOI of 



matopoietic 



! 0CI/AML3, 
o VSV infec- 



l, with 0.05 PFU/cell killing 50% of the cells at 24 hours and 



Table 2 Selective killing of AM L cells co-cultured with 
normal bone marrow 



Multiplicity of infection 



;king growth factor e 




AG1522 




as little as 0.0003 PFU/cell killing 50% at 48 hours. In co- 
cultures of leukemic 0CI/AML3 cells mixed with normal bone 
marrow cells (at a ratio of 1:9), VSV again had selective 
oncolytic properties In this experiment (Table 2), co-cultures 
were infected with VSV at an MOI of 1 PFU/cell or 5 PFU/cell 
for 24 hours and then were plated in methylcellulose with or 
without growth factors. In the presence of growth factors, both 
normal marrow and tumor cells will grow, whereas only 
0CI/AML3 cells can form colonies in the absence of growth 
factors. We counted colonies after 14 days and found complete 
ablation of growth-factor-independent leukemic cells and spar- 
ing of normal bone marrow progenitors (Table 2). We obtained 
identical results using a 1:3 mixture of 0CI/AML3 cells and 
normal marrow (data not shown). These data show the selec- 
tive destruction of leukemic cells in a mixed population of nor- 
mal marrow and, with the data above, advocate the potential 
utility of VSV in ex vivo bone marrow purging. 

Human tumor xenografts in nude mice provide a convenient 
model for studying potential anti-cancer therapeutics, includ- 
ing certain oncolytic viruses 10 For VSV, however, this system is 
somewhat limited, as the immunological impairment of this 
mouse strain ultimately renders it susceptible to killing by VSV 
(refs 11,12). The rapid killing of tumor cells with VSV indi- 
cated that it might be possible, however, to assess the in vivo 
oncolytic properties of the virus in an acute short term experi- 
ment. Thus, we implanted SK-MEL3 cells subcutaneously on 
both flanks of BALB/c nude mice and allowed these to form 
palpable tumors before directly infecting them with VSV. 
Given the recent demonstration of improved delivery of herpes 
simplex virus in the treatment of ovarian cancer using virus- 
producing cells rather than virus alone 13 , we also tested VSV- 
producing cells in this melanoma xenograft model. We 
assessed the size of the tumors and the well-being of the mice 
daily. Tumors not injected with VSV showed unabated growth 
(Fig. 3a). In contrast, tumors injected with a single dose of VSV 
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Fig. 2 VSV selectively kills transformed cells co-cultured with normal 
fibroblasts Equal numbersof 293T cells and normal human fibroblasts were 
plated on gelatin-coated coverslips and infected at an MOI of 0.1 in the 
presence (+) and absence (-) of interferon. Cells were fixed at 1 2 h (not 
shown), 24 h and 36 h after infection. Fixed cells were stained with an anti- 
body against large T antigen and DAPI. The red-staining 293T cells are 
killed asearlyasl 2 h after infection, regardlessof interferon treatment with 
the few remaining cells showing condensed or fragmented nuclei (*). The 
normal fibroblasts show altered nuclei (\|/) by 36 h after infection in the 
absence of interferon but are protected from the virus in the presence of 
interferon beyond this time. MOCK no virus (medium only). 



or cells producing VSV stopped growing and in some cases de- 
creased in size (Fig. 3a). In these experiments, BALB/c nude 
mice began to show symptoms of VSV infection and began 
dying at day 6, as in earlier studies with this strain 1112 In our 
experience, CD-I mice are more tolerant to VSV infection than 
are mice with a BALB/c genetic background, and for this reason 
epeated the experiment using CD-I-derived 



bearing human melanoi 
3b). In addition, we a 
induced mortality by t 



a xenografts, as described above (Fig. 
empted to rescue mice from VSV- 
:ating a subset of these mice with 



interferon. A single mtratumoral injection of live VSV was 
tumor-static m all cases (Fig. 3b). All tumors demonstrated at 
least a partial regression, with complete regressions in three of 
the twelve mice treated with live virus. In contrast, tumors 
treated with VSV inactivated by ultraviolet irradiation grew 
unabated until day 1 1 after infection, at which time the mice 
were killed because of severe tumor burden (Fig. 3b). Although 
all mice survived longer than in our initial experiment (Fig. 3), 
mice not receiving interferon began to die by day 10 after 
infection, with two of six remaining healthy for the duration of 
the experiment. However, all interferon-treated mice were 
protected and survived symptom-free for more than 45 days 
(four of four mice). 

Over the last several decades there have been many reports 
correlating virus infections with tumor regression 14 " 16 With an 
increasing understanding of the molecular events leading to 
the generation and evolution of malignancies, it is now possi- 
ble to begin tailoring and/or selecting viruses for their ability to 
replicate preferentially in tumor cells The 0nyx-015 aden- 
ovirus mutant is believed to have enhanced replication in 
tumor cells lacking a functional p53 protein, although reports 
indicate that other cellular gene products could be influencing 
the growth of this virus 17 . Another promising approach is to 
alter virus tropism by modifying viral surface antigens or by 
conditionally expressing toxic gene products with tissue- 
specific gene promoter elements Alternatively, as we suggest 
here, the ability of a virus to selectively kill tumor cells may be 
determined by cancer-specific defects in innate anti-viral 
responses. Given our results here and other published studies, 
defects or downregulation of components of the interferon 
pathway may be a common feature of a broad range of malig- 
nancies"' 1 * 19 , and these defects may be responsible for the 
tumor specificity demonstrated by a variety of oncolytic 

Interferon induced by VSV infection may protect normal tis- 
ues from viral killing, whereas tumor cells, which have lost their 




Fig. 3 VSV inhibits growth of human melanoma xenografts in nude 
mice, a, SK-MEL-3-derived tumors were developed in female BALB/c 
athymic mice 8-10 weeks old. On day 0, tumors were either left un- 
treated (■) or were infected with 10 s PFU VSV in culture medium (T) or 
SK-MEL 3 cells infected with 2.5 x 10 s VS (VSV -producing cells A). 
Tumors were measured daily for 6 d, at which time infected mice were 
killed because of complications associated with VSV infection of nude 
mice. *, P < 0.001, on day 3, only tumors treated with VSV producing cells 
are significantly smaller than untreated tumors **, P < 0.01; ***, P < 
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0.001; ****, P = 0.007; treated compared with untreated. There were no 
statistically significant differences in tumor volumes between groups 
daysO-2. Data represent means+ se.m. from multiple tumors untreated, 
n = 8; VSV-producing cells n = 8; VSV alone, n = 4. b, SK-MEL-3-derived 
tumors were developed in CD-1 nude mice as described above. On dayO, 
tumors were injected with 1 x 1 0 9 PFU live VSV (T) or VSV inactivated by 
ultraviolet irradiation (■), and were measured daily. Interferon was ad- 
ministered to a subset of mice (A; VSV I FN; times ». UV-VSV, n = 4; VSV 
I FN, n = 6; VSV, n = 6. 
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interferon responsiveness, become selective targets for the virus 
VSV replicates in tumor cells, leading to cytolysis and spread of 
the virus to neighboring tumor cells, whereas the 
surrounding normal tissue is rendered resistant to infection 
through the activation of various interferon-mediated defenses 
(such as RNA dependent protein kinase, inducible nitric oxide 
synthase, 2' 5' oligoadenylate synthetase and so on). Perhaps 
most importantly, whereas growth of VSV in a wide range of 
tumor cells is refractory or only moderately affected by interferon 
treatment, replication in normal cells in vitro and in vivo can be 
controlled by exogenous administration of interferon, ultimately 
leading to an increase in the therapeutic index of this anti- tumor 
therapy. Some malignant cells retain an intact interferon re- 
sponse, as this cytokine has been used to inhibit the growth of 
some cancers; however, the benefits of interferon are often short- 
lived. During cancer progression, as interferon-resistant tumor 
cells arise, they would become targets for VSV therapy. 

Here we investigated the use of VSV as an oncolytic agent. 
VSV is readily grown to high titers, has a short replicative cycle 
(1-2 hours in tumor cells) and is not endemic to the North 
American population; all of these properties enhance its 
therapeutic potential. An additional, previously unknown fea- 
ture of VSV is its 'leukemolytic' property, shown here The 
ability of VSV to purge bone marrow cultures si vivo may have 
substantial consequences clinically in autologous bone marrow 
transplantation. 

Methods 

Cell lines and virus. The Indiana serotype of VSV was used throughout this 
study and was propagated in L929 cells The following cell lines and 
corresponding culture media were used: human foreskin fibroblasts (AG 
1 522; aMEM with 10% FBS); primary normal human fibroblasts estab- 
lished at the Ottawa Regional Cancer Centre from forearm biopsies 
(0SF7, 12 and 16; a-MEM with 10% FCS); primary human prostate 
epithelial cells (PrEC 5; Clonetics San Diego, California; manufacturer's 
instructions were followed); primary human ovarian surface epithelial 
cells (HOSE; provided by L. MacDonald and B. Vanderhyden; D MEM with 
15% FBS, 5 ng/ml insulin, 10 ng/ml transferrin and 5 ng/ml epidermal 
growth factor); human ovarian carcinomas (A2780; DMEM/F12 with 
1 0% FBS); human ovarian carcinomas (0 VCA 420 and 432; aMEM with 
10% FBS, 2 mM a-glutamine, 1% sodium pyruvate and 1% non-essential 
amino acids); human ovarian carcinoma (C1 3; RPMI 1 640 with 1 0% FBS); 
human melanoma (SK-MEL3; DMEM/F1 2 HAM with 10% FBS); human 
lung carcinoma (LC80; a-MEM with 10% FBS); human colon ( 
(HCT116; D MEM with 10% FBS); and human prostate 
(LN CAP; a-MEM with 1 0% FBS). 

Viral production and cytopathic effect in tumor cells and primary 
fibroblasts. Cell lines and primary fibroblasts were seeded to 80% conflu- 
ence in 35-mm dishes containing 2 ml a-MEM (Life Technologies) sup- 
plemented with 10% FBS, and either were not treated or were 
supplemented with various doses of interferon, then incubated fori 6 h. 
Virus diluted in medium to an appropriate M0 1 was added to the dishes 
and allowed to adsorb for 30 min at 37 °C. The dishes were subsequently 
rinsed three times with PBS overlaid with 2 ml medium and 
incubated for 8 h. Titers in virus-laden medium from these dishes were 
then determined as described 21 with minor modifications Virus- 
containing medium was serially diluted in a-MEM medium supple- 
mented with 1 0% FBS. Each virus inoculum was allowed to adsorb to a 
monolayer of L cellsfor30 min at37 °C and was then overlaid with 0.5% 
agarose in medium. After an overnight incubation at 37 °C, the agar was 
removed and the monolayers were fixed in 4% paraformaldehyde and 
stained with 0.5% methylene blue. Plaques were then counted. 

The cytopathic effect was monitored in infected, live monolayers 
grown on coverslips and infected as described above. At a series of 1 2- 
hour time points after infection, phase contrast micrographs of monolay- 
ers were obtained using a Z eiss Axiophot light microscope. 



Kinetics of cytolytic VSV. Various cell lines were grown in 1 2-well plates 
to approximately 75% confluency. Medium was replaced with fresh 
medium with or without interferon a (100 units/ml INTR0N-A; Shering, 
Kenilworth, N ew Jersey) and incubated for another 1 2 h before infection. 
The cells were infected for 30 min at 37 °C with VSV in 20 u.l medium at 
an M0 1 of 0.1 PFU per cell, after which fresh medium was added to fill 
each well. At 1 2-hour time points, medium was removed and cells were 
fixed with methanol and stained with methylene blue and eosin. 

Mixed cell cultures. Equal numbers of normal human fibroblasts and 
293T cells were co-cultured on gelatin-coated coverslips in a- MEM 
(1 0% FBS with or without 1 00 U/ml interferon-a) and were infected with 
VSV at an M0 1 of 0.1 PFU /cell. At 1 8 h after infection, the supernatants 
were collected and the cells were fixed with methanol. A polyclonal anti- 
body against large T antigen was hybridized to the fixed cells and 
detected with CY3-conjugated goat secondary antibody against rabbit 
(Sigma). Nuclei were stained with DAPI (4,6-diamidino-2-phenylindole). 
The coverslips were mounted in 'anti-fade' and viewed under a fluores- 
cent microscope. 

Hematopoietic cell culture. White blood cells were isolated from nor- 
mal human marrow and exposed to virus at various multiplicities of infec- 
tion for 30 min. The cells were then washed three times with PBS and 
incubated overnight in IMDM with 20% FBS and 10% medium condi- 
tioned by bladder carcinoma cell line 5637. Medium was then collected 
and titers were determined as described above. 

The leukemic cell line 0 CI/AM L3 was cultured in IMDM with 1 0% FBS, 
whereas 0CI/AML4 and 0CI/AML5 cells were cultured in IMDM with 
10% FBS and 10% 5637-conditioned medium (0CI/AML3, 4 and 5 cells 
provided by M. Minden). The dose of virus that caused 50% killing at 
both 24 and 48 h was determined using the MTS assay, which measures 
the bioreduction of a tetrazoleum compound (MTS: 3-(4, 5-dimethylthia- 
zol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, 
inner salt) into a formazan, which can be measured colorimetrically. 

The growth-factor-independent cell line 0CI/AML3 was mixed at a 
ratio of 1:9 with normal human marrow and was co-cultured in IMDM 
with 20% FBS and 10% 5637-conditioned medium. Test cultures were in- 
fected at an M 0 I of 1 . 0 PFU /cell or 5 PFU /cell, whereas controls were left 
uninfected. At 24 h after infection, cells were plated in methylcellulose 
containing 1 2% FBS with or without growth factors (10% 5637-condi- 
tioned medium, kit (stem cell factor) ligand and erythropoietin). Colonies 
were counted 1 4 d later. 

VSV treatment of xenograft tumors. Xenografts were initiated in female 
BALB/c nude mice 8-1 0 weeks old by injecting 5 x 1 0 6 SK-MEL 3 human 
melanoma cells subcutaneously in each of two sites per mouse. When tu- 
mors reached 4-5 mm in diameter, they were either left untreated or 
treated with a single intratumoral injection of either 1 x 1 0 s PFU VSV in 
culture medium or 2.5 x 1 0 6 VSV-infected SK-MEL 3 cells (infected at an 
M0lofmorethan10PFU/mlfor2h). Alternatively, CD-1 nude mice were 
'seeded' on one flank with SK-MEL 3 cells as described above. Tumors 4-5 
mm in diameter were injected with 1 x 1 0 9 PFU live VSV or VSV inactivated 
by UV irradiation. Murine interferon alpha was administered to by in- 
traperitoneal injection (PBL Biomedical Laboratories N ew Brunswick 
New Jersey). The health of the mice was monitored and tumor sizes were 
measured daily. 

Statistical analysis. For single comparisons (Fig. 3a, day 6), the tumor 
volumes were analyzed by Student st-test For multiple comparisons (Fig. 
3a, days 3, 4 or 5), the data were first analyzed by one-way analysis of 
variance, and statistical significance was determined by Bonferroni's mul- 
tiple comparison test using Prism 3.0 software (G raphpad Software, San 
Diego, California). 

Kcknowiedgments 

\NethankD . Gra^ for aid in preparation and eva\uation of the manuscript. 
This worV. was funded a grant from the Nationa\ Cancer institute of Canada 
with funds from the Canadian Cancer Society and the Ottawa Reg\ona\ 
Cancer Centre foundation. D.t.S was supported an Ontario Graduate 
Scho\arship in Science andTechnctoc^ ^OGSSTV 



824 



NATURE MEDICINE • 



ME 6 



MBER7 



© 2000 Nature America Inc. • http://medicine.nature.com 



ARTICLES 



RECEIVED 6DECEM3ER1999 ACCEPTED 25AFRIL23X) 

1. aark, G.R, Kerr, I.M, Williams, BR, Slverman, RH. & ahreiber, RD. How cells 
respond to interferons. Prnnu. Rev. Hochem. 67, 227-264 (1 993). 

2 Kloke, O. & Niederle, N. Developm ent and m echanism s of interferon resistance. 
Cancer Treat. Rem. 17SupplA, 81-88(1990). 

3 Colamonici, O.R, Domanski, R, Ratanias, LC. & Diaz, MO. Correlation between 
interferon (I FN) alpha resistance and deletion of the I FN a/p genes in acute 
leukemia cell lines suggests selection against the I FN system . Sood 80, 744-749 

4. Xu, B, Grander, D., Sang felt, O. & Enhorn, S Rim ary leukemia cells resistant to 
alpha-interferon in vitro are defective in the activation of the DNA-binding factor 
interferon stimulated gene factor 3 Sood 84, 1942-1949(1994). 

5 W)ng, LH. etal Interferon -resistant hum an m elanom a cells are deficient in ISGF3 
components, STAT1, STAT2 and p 48-ISGF3gam m a. A Hoi Chem. 272 



. Sun.WHetal Interferon -alpha resistanc< 
is associated with lack of STAT1 expressioi 
I Letchworth, G.J, Ftodriguez, LL & Del cb 



cutaneous T-cell lym p horn a cell line 
3d 91, 570-576(1993). 

atitis.Met A 157, 



9 Eelkowski, LS & Sen, G.C. 

by interferons. A Wo\. 61, 6 
1Q Birke, F. Cytokines (IFNs, TNF-a, IL-2and IL-12) and 

OjtotanesCett. Wtonher. 5 51-61 (1999). 
11. Thorn sen, ARetal Cooperation of Bcellsand Tcellsis 



virus-1 mutant for the intraperitoneal therapy ol 
Cancer Res. 5 1 523-1 537 (1 999). 
I Smith, RR, Huebner, RJ, Fbwe, WR, Schatten, 
the use of viruses in the treatmen 
1211-1218(1956). 



1228-1233(1994). 
. Rjthmann, T., hengstermar 
Replication ofONYX-Ol5a 



± 9, 1757-1766(1997). 



l, Wiitaker, N.J, Scheffner, ^ 



noma. Cancer Res 58 4434-4438 (1 993). 
9 arong, JE, Coffey, MC, Tang, D., Sabinin, R & Lee, RWThe m olecular basis of 
viral oncolysis: usurpation of the Ris signaling pathway by reovirus. EWffiO A 17, 
3351-3362 (1993). 

20 Cassady, K.A, Gross, M & Roizman, B The herpes sim plex virus US11 p rotein ef- 

protein kinase Rby precluding its p hosphorylation and thatofthe alpha subunitof 
eukaryotic translation initiation factor 2 A \l\ro\. 72 8 
21. Cave, D.R, hendrickson, F.M & Huang, AS Defect 
ce.ANArol 55 3 



NATURE MEDICINE • VOLUK/E6- NUK/BER7 • 



VSV strains with defects in their ability to shutdown innate 
immunity are potent systemic anti-cancer agents 



David F. Stojdl, 1 Brian D. Lichty, 1 Benjamin R. tenOever, 2 Jennifer M. Paterson, 1 - 6 Anthony T. Power, 1 6 
Shane Knowles, 1 Ricardo Marius, 1 Jennifer Reynard, 1 Laurent Poliquin, 3 Harold Atkins, 1 Earl G. Brown, 6 
Russell K. Durbin, 4 Joan E. Durbin, 4 John Hiscott, 2 - 5 and John C. Bell 1 - 6 * 

'Ottawa Regional Cancer Centre Research Laboratories, 501 Smyth Road, Ottawa, Ontario, Canada K1H 8L6. 
2 Terry Fox Molecular Oncology Group, Lady Davis Institute for Medical Research, McGill University, Montreal, Quebec, Canada 
department of Biological Sciences, Universite du Quebec d Montreal, P.O. Box 8888, Station Centre-ville, Quebec, H3C 3P8, 
Montreal, Canada 

4 Children's Research Institute, Children's Hospital, Columbus, Department of Pediatrics, College of Medicine and Public 
Health, The Ohio State University, Columbus, Ohio 43205 

departments of Microbiology and Immunobiology, Medicine, McGill University, Montreal, Quebec, Canada H3T 1E2 
'Department of Biochemistry, Microbiology and Immunology, University of Ottawa, 451 Smyth Road, Ottawa, Ontario, 
Canada K1H 8M5 

""Correspondence: John.bell@orcc.on.ca 



Summary 

Ideally, an oncolytic virus will replicate preferentially in malignant cells, have the ability to treat disseminated metastases, 
and ultimately be cleared by the patient. Here we present evidence that the attenuated vesicular stomatitis strains, AV1 
and AV2, embody all of these traits. We uncover the mechanism by which these mutants are selectively attenuated in 
interferon-responsive cells while remaining highly lytic in 80% of human tumor cell lines tested. AV1 and AV2 were tested 
in a xenograft model of human ovarian cancer and in an immune competent mouse model of metastatic colon cancer. 
While highly attenuated for growth in normal mice, both AV1 and AV2 effected complete and durable cures in the majority 
of treated animals when delivered systemically. 



Introduction 

Over the last decade, a variety of replicating oncolytic viruses 
have been selected or engineered to be therapeutics that exploit 
genetic defects unique to tumor cells (reviewed in Bell et al., 
2002; Gromeier and Wimmer, 2001 ; Hawkins et al., 2002; Kruyt 
and Curiel, 2002; Norman et al., 2000)). One genetic defect 
frequently arising during tumor evolution, is diminished inter- 
feron (IFN) responsiveness (Bello et al., 1994; Linge et al., 1995; 
Lu et al., 2000; Matin et al., 2001; Sun et al., 1998; Wong et al., 
1997). This reflects the important role that interferon-regulated 
pathways play in the control of normal cell growth and apopto- 
sis. Interferon is also a key mediator of the individual cell's 
antiviral response and thus tumor cells, which acquire mutations 
allowing them to escape interferon-mediated growth control 
programs, will simultaneously compromise their innate antiviral 
response. We hypothesized that viruses whose replication is 
inhibited by interferon should grow well in tumor but not normal 
cells. We and others have found that vesicular stomatitis virus 
(VSV), whose growth is strongly inhibited by interferon, is a 



potent oncolytic virus (Balachandran and Barber, 2000; Stojdl 
et al., 2000b). In fact, while VSV infections are uniformly fatal 
to nude mice (Huneycutt et al., 1993; Stojdl et al., 2000b), we 
found that prophylactic interferon treatment can rescue even 
immunocompromised animals while preserving virus-mediated 
oncolysis. We reasoned that a virus that both induces the pro- 
duction of interferon and is susceptible to its antiviral affects 
would be a superior therapeutic. Here we describe two naturally 
occurring VSV variants that possess both these properties. The 
VSV variants retain oncolytic activity in vitro and in a variety of 
in vivo models but because of their potent induction of interferon 
have a vastly improved therapeutic index over their wild-type 
(WT) counterpart. 

Results 

Attenuation of VSV in vivo is dependent upon intact 
interferon signaling pathways 

Two variants of VSV that produce small plaques on interferon- 
responsive cells (herein referred to as AV1 and AV2) were found 



SIGNIFICANCE 

A key limitation to the application of viruses as cancer therapeutics is the possibility of uncontrolled virus growth in normal tissues, 
potentially leading to treatment complications or disease. Here, we describe novel, oncolytic variants of vesicular stomatitis virus 
(VSV) that not only have potent anti-tumor activity in vivo, but establish an anti-viral state that protects against the toxicity associated 
with infection of healthy cells. Our work has uncovered the mechanism that virulent VSV strains use to defeat host antiviral defences, 
furthering our understanding of early IFN signaling in response to a viral invader. These findings have directed us toward the 
development of improved VSV-based oncolytic viruses and are generally applicable to a wide range of viral based therapeutics. 
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A: Human prostate carcinoma cells (PC3) and human renal carcinc 
AV2 strains of VSV. Culture media were assayed by ELISA to detect 
B: Exogenous interferon is required to protect MEFs from WT GFP bi 
interferon for 1 6 hr and then infected with WT GFP VSV or AV3 GFP . 
C: In vivo toxicity of WT versus mutant VSV strains by route and mouse strain. IN = ii 
D: AV3 induces IFN-a quicker and to a greater degree than WT VSV in vivo. Group 
GFP, and their serum IFN-a levels were assayed at the indicated times post-infectic 
E: Balb/C and Balb/C /NFAR"'" mice were infected intranasal^ with WT VSV, AVI , . 
F: AV2 can protect mice against lethal WT VSV infection. PKR~'~ mice were infected 
for morbidity or mortality. Values denote number of mice per group. 



>r infected with wild-type (WT), / 



to induce from twenty to fifty times more interferon a (IFN-a) 
than WT VSV following infection of epithelial cell lines (Figure 
1 A). Sequencing of the variants revealed that they differed from 
the wild-type strain in their M proteins with a single amino acid 
substitution in the case of AV1 (M51R) and two amino acids 
(V221 F and S226R) in AV2. A third variant was created to be a 
mimetic of AV1 by complete deletion of methionine 51 (MA51 
or AV3) and found to have biological properties indistinguishable 
from AV1 and AV2. As expected (Stojdl et al., 2000b), primary 
mouse embryo fibroblasts are protected against WT VSV infec- 



tion only in the presence of exogenously added interferon 
whereas MEFs (mouse embryonic fibroblasts) are refractory to 
infection by the interferon inducing mutant AV3 (Figure 1 B). 

In animals, the role of the interferons in protecting against 
virus infection and the mechanisms underlying their induction 
are more complex than in the simple tissue culture systems 
described above (Barchet et al., 2002; Levy, 2002). Neverthe- 
less, we show in the following that the AV strains are more 
potent interferon inducers and have reduced toxicity in mice 
in a strictly interferon-dependent fashion. For example, mice 
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infected intravenously can tolerate some 80 times more AV1 
virus than WT VSV, and AV3 induced a more rapid and robust 
production of interferon than WT VSV (Figures 1 C and 1 D). The 
critical role that interferon signaling plays in the protection of 
mice from infection byAV1 and AV2 wasverified using interferon 
receptor knockout (INFAR~'~) animals. The LD 50 of AV1 and 
AV2 when delivered intranasally to Balb/C (INFAR +I+ ) mice was 
determined to be 10,000 times greater than WT VSV delivered 
by the same route (Figure 1 C). Similar results were seen in CD-1 
mice (WT = 1 X 10 6 ; AV1 = 2 X 10 8 pfu). However, in the 
absence of a functional interferon receptor, AV1 and AV2 were 
as toxic as wild-type virus, indicating that the attenuation of AV1 
and AV2 growth in vivo is dependent upon an intact interferon 
system (Figure 1 E). 

The AV1 and AV2 variants protect mice 
from infection by WT VSV 

Mice that lack the double-stranded RNA-dependent kinase 
(PKR) gene are known to be exquisitely sensitive to infection by 
wild-type vesicular stomatitis virus, although PKR~'~ fibroblasts 
can be protected by prophylactic treatment with interferon (Ba- 
lachandran et al., 2000). Since AV1 and AV2 strongly induce 
interferon production during the course of a natural infection, 
we tested whether PKR~'~ mice would be resistant to infection 
by these viruses. Indeed we found that while <10 pfu of wild- 
type VSV can kill PKR~'~ mice (Figure 1F), doses greater than 
1 0 7 pfu of AV1 and AV2 were well tolerated by PKR~'~ animals. 
More strikingly, when coinfected with AV2, the LD 100 of wild- 
type VSV was dramatically increased in PKR~'~ animals. Indeed, 
doses 100 times greater than the LD 100 for WT VSV were well 
tolerated when coinfected with AV2 (Figure 1F). Given that 
PKR~'~ fibroblasts can be protected from WT VSV infection 
by prophylactic interferon administration (Balachandran et al., 
2000), that the AV variants induce interferon, and that AV vari- 
ants are toxic in mice that lack a functional interferon receptor, 
we believe that the protective effect of AV2 on PKR~'~ mice is 
most easily explained by the ability of these viruses to strongly 
induce interferon production in the infected animal. 

Wild-type, AV1 and AV2 viruses trigger antiviral 
responses in infected cells 

We used microarray and Western blot analysis over a time- 
course of virus infection to allow us to detect early signaling 
events triggered by WT and AV variants that lead to the tran- 
scriptional activation of antiviral genes. Others have established 
that an early response to virus infection is the phosphorylation 
and activation of the latent transcription factor IRF-3 (Sato et 
al., 1998b). It appears that WT, AV1 and AV2 viruses trigger 
IRF-3 phosphorylation with similar kinetics (Figure 2A). Follow- 
ing phosphorylation, IRF-3 assembles together with CBP/300 
and, along with other transcription factors (e.g., NFkB and 
c-JUN/ATF-2), initiates the transcription of a number of antiviral 
gene products (Wathelet et al., 1998). As shown in Table 1, 
microarray analysis revealed that a large number of genes were 
dramatically induced 3 hr post-infection with all three viruses. 
Many of these genes are known to be activated by virus infection 
(Nakaya et al., 2001 ), including several that are directly regulated 
following activation of the latent transcription factors IRF-3, 
NFkB, and c-JUN/ATF-2 (Genin et al., 2000). We validated the 
microarray data by performing RT-PCR analysis on a sampling 
of gene products (Figure 2B). 



In Figures 2C-2E, we present a model in which virus infection 
leads to waves of transcriptional events that are sequential and 
interdependent. For example, genes that we refer to herein as 
primary response genes were induced 3-6 hr post-infection 
by all three viruses (Figures 2B and 2C). On the other hand, 
secondary response genes that require the production of IFN-p 
protein and the autocrine activation of the JAK/STAT pathway 
(Figure 2D) were differentially induced by the wild-type and 
attenuated viruses (see IRF-7 in Figures 2A and 2D). As a conse- 
quence of the impaired IRF-7 production in WT VSV-infected 
cells, tertiary response gene products like the IFN-a transcripts 
were not induced in wild-type VSV-infected cells (Figure 2E). 
These results indicate that all three viruses trigger activation of 
IRF-3 and the subsequent transcription of a cohort of genes 
that we call primary response genes. We hypothesized that the 
M protein encoded by wild-type VSV disables the host cell's 
antiviral response by disrupting subsequent activation of sec- 
ondary and tertiary response genes. 

VSV M protein blocks the nuclear export 
of interferon-p mRNA 

It has been suggested that VSV M protein either blocks the 
transcription of the IFN-fi gene (Ahmed et al., 2003; Ferran and 
Lucas_Lenard, 1 997), inhibits the nuclear export of mRNAs (Her 
et al., 1997; von Kobbe et al., 2000), or interferes with JAK/ 
STAT signaling (Terstegen et al., 2001). Our transcript profiling 
studies would be consistent with either of the latter two mecha- 
nisms; however, we have been unable to show any impairment 
in the induction of the JAK/STAT pathway by exogenous inter- 
feron in infected cells (data not shown). On the other hand, 
when we used microarray or RT-PCR analysis to compare and 
contrast transcripts in nuclear and cytoplasmic fractions, we 
found clear differences between wild-type and attenuated virus- 
infected cells (Figure 3A). Importantly, IFN-fi mRNA although 
induced in nuclear fractions by all three viruses was not found 
in the cytoplasmic pool of mRNAs in WT infected cells. Further- 
more, IFN-p was undetectable in culture media from cells in- 
fected with WT VSV, while copious amounts of the cytokine 
were produced from cells infected with either AV1 or AV2 (Figure 
3B). Two additional experiments help shed light upon how WT 
VSV subverts the interferon signaling pathway. First, cells were 
infected with either WT or AV3 VSV, and at 22 hr post-infection, 
IFN-a production in tissue culture supernatant was measured. 
WT VSV does not induce the production of IFN-a while AV3 is 
a potent inducer (Figure 3C). The induction of IFN-a by AV3 
was dependent upon prior production of IFN-p as inclusion of 
neutralizing anti-IFN-p antibody to infected cultures inhibited 
IFN-a production from these cells (Figure 3C). Second, we con- 
structed a wild-type VSV that expresses a constitutively active 
version of IRF-7. This virus has an attenuated phenotype and 
induces the expression of IFN-a genes within 4 hr post-infection, 
even in the presence of wild-type VSV M protein (Figure 2D). 
In total, these results are consistent with the idea that wild-type 
VSV triggers a primary antiviral response, but through coordi- 
nate expression of viral gene products blunts secondary and 
tertiary responses by blocking nuclear export of critical antiviral 
mRNAs. 

AV1 and AV2 retain their ability to kill tumor 
cells in vitro and in vivo 

To assess the oncolytic properties of the attenuated VSV strains, 
the NCI human tumor cell panel (60 cell lines from a spectrum 
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Figure 2. The secondary transcriptional response is inhibited by WT VSV but not AVI or AV2 

A: Western blot analysis showed similar kinetics of IRF-3 activation between WT and mutant VSVs; however, ISG56 (primary response) protein expression 
was severely impaired in WT infected cells. IRF-7 protein is detected only in AVI - and AV2-infected cells. IRF-7A appears to be able to induce the expression 
of endogenous IRF-7. 

B: RT-PCR data at 4 hr post-infection of A549 cells showed primary response genes RANTES and IFN-p induced to similar levels in WT and mutant VSV- 
infected cells while upregulation of MX] (secondary response) was impaired in WT infected cells. 
C: Primary response to viral infection is mediated by IRF-3, cJUN/ATF-2, and NFkB (shown here forming part of the e 
promoter). Microarrray data indicate primary transcriptional response genes robustly upregulated in both WT and mutant vi 
known to require ISGF3 for full induction). Values represent fold induction over mock infected. 

D: IFN-p is then translated and secreted to stimulate, in an autocrine fashion, JAK/STAT signaling to form ISGF3 complexes in the nucleus, which mediates 
the induction of genes of the secondary transcriptional response. While cells infected with AVI or AV2 show robust upregulation of these genes, WT infected 
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Table 1. Microarray analysis of the transcriptional response to VSV infection over time 



Primary transcriptional response 

NM 000201.1 CD54 
NM 016323.1 CEB1 

GADD34 
IFN beta 



NM 002176.1 

NM 000600.1 
BE888744 
NM_00 1548.1 



NM_0 



1549.1 



AF063612.1 
NM_021 127.1 
NM_002852.1 
AF332558.1 
NM 002985.1 
AY029 180.1 
NM_006290.1 



ISG54 

ISG56 

ISG60 

OASL 

PMAIP1 

PTX3 

PUMA 

RANTES 

SUPAR 

TNFAIP3 



804.5 
855.2 
238.0 
222.0 




159.0 
487.3 

120.3 
268.4 
766.0 



2157.9 

238.7 
1357.8 



Secondary transcriptional response 



NM_030641.1 

AF323540.1 

U84487 

BC002666.1 

NM_006018.1 

NM_031212.1 

NM 005531.1 

NM_005532.1 

NM 004509.1 

NM_022873.1 

NM_003641.1 

AA749101 

NM 000882.1 

Ml 5329.1 

NM 004030.1 

NM_006084.1 

BC001 356.1 

AF280094.1 

AF280094.1 

U 17496.1 

NM_006417.1 

NM_002462.1 

AB014515 

NM_002759.1 

NM_021 105.1 

NM_017912.1 

BF939675 

BC004395.1 

NM_003141.1 

AA083478 

NM_005419.1 

NM_003810.1 

NM_020119.1 



APOL6 

APOLL 

CX3C cher 

GBP1 

HM74 

hMRS3/4 

IFI16 

IFI27 

IFI41 

IFI-6-16 

IFITM1 

IFITM1 

IL12A 

IRF7 

IRF9 

ISG35 

ISG75 

ISG75 

LMP7 

MTAP44 

MX A 

NEDD4 BP1 

PKR 

PLSCR1 

putative Ul 

SECTM1 



apolipoprotein L 



STAF50 
STAT2 
TRAIL 




Tertiary transcriptional response 



M 12350.1 
NM 024013.1 

NM_002171.1 
NM_006900.2 
NM_002 172.1 
NM_002 173.1 
M38289.1 
NM_002 169.1 
NM_021 057.1 



IFN-27 
IFNA1 

IFNA10 
IFNA13 
IFNA14 
IFNA16 
IFNA17 
IFNA5 
IFNA7 



Data represented a: 
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Figure 3. WT VSV inhibits IFN-p mRNA nuclear/cytoplasmic transport and 
blocks IFN-a production 

A: IFN-p mRNAs are severely depleted in cytoplasmic fractions from WT 
VSV-infected cells as determined by quantitative RT-PCR. Nuclear (N) and 
cytoplasmic (C) total RNA fractions from cells infected with WT, AVI , or AV2 
VSV were assayed for IFN-p mRNA, normalized to HPRTmRNA from the same 
sample. * indicates no IFN-p mRNA detected. 

B: Cells infected with either WT or mutant VSV strains were assayed by ELISA 
for IFN-p production. AVI - and AV2-infected cells and not WT VSV-infected 
cells produce secreted IFN-p. 

C: Blocking IFN-p inhibits the production of IFN-a. OVCAR-4 cells were in- 
fected with mutant VSV in the presence of neutralizing antibody to IFN-p 
or an irrelevant antibody and subsequently assayed by ELISA for IFN-a pro- 



of malignancies) was challenged with either WT, AV1 , or AV2 
viruses and assayed for metabolic cell death 48 hr later. It is 
clear from Table 2A that WT VSV is able to infect and kill a wide 
range of cancer cell types, and furthermore, the majority of 
cancer cell lines tested demonstrated impaired responses to 
either IFN-a or IFN-p (Table 2B). AV1 and AV2 were as effective 
at killing these interferon nonresponsive tumor cell lines as WT 
VSV. 

We previously reported the successful treatment of subcuta- 
neous xenograft tumors in nude mice with WT VSV; however, 
in these experiments, exogenous interferon was required to 
protect the animals from succumbing to viral infection. Our 
results with the NCI cell panel suggest that AV1 and AV2 should 
efficiently kill tumor cells with little toxicity in mouse models 
even in the absence of interferon treatment, and therefore we 
conducted an extensive analysis of the in vivo oncolytic proper- 
ties of the AV variants. In a first series of experiments, human 
ovarian carcinoma cells were injected into the peritoneal cavity 
of CD-1 nude mice and allowed to grow for 12 days. Mice (14/ 
15) receiving UV-inactivated virus developed ascites by day 15 
post-treatment. In contrast, three doses of AV2 delivered into 
the peritoneal cavity provided durable cures in 70% of the mice 
(Figure 4A). Remarkably, while a single therapeutic dose of WT 
VSV is uniformly lethal to nude mice (Stojdl et al., 2000b), none 
of the animals treated with three doses of AV2 exhibited even 
symptoms of virus infection. 

Systemic treatment in immune-competent 
mouse models 

Earlier preclinical, clinical, and mathematical modeling studies 
(Wein et al., 2003) predict that greatest anti-tumor efficacy is 
achieved when the delivered virus is distributed diffusely 
throughout the tumor (e.g., through tumor vasculature). Given 
that certain oncolytic viruses are rapidly inactivated in blood or 
inhibited by physical barriers (Ikeda et al., 2000; Wakimoto et 
al., 2002, 2003; Yoon et al., 2001), we felt it was important to 
determine the minimum VSV doses required to achieve effective 
delivery of VSV into tumor sites. For these studies, we engi- 
neered a VSV strain to express GFP during productive infections 
and examined subcutaneous tumors 24 hr after intravenous 
virus administration. Virus doses in the range of 1 0 s — 1 0 9 pfu 
per mouse gave optimum tumor delivery (Figure 5). In other 
experiments and those shown below, we found that virus admin- 
istered in this dose range also provided maximum therapeutic 
benefit to tumor-bearing animals. For example, subcutaneous 
tumors were established by injecting CT26 colon carcinoma 
cells into the hind flank of syngeneic Balb/c mice. Once tumors 
became palpable (approximately 10 mm 3 ), virus was adminis- 
tered via tail vein injection. Twelve days post-treatment, mice 
receiving UV-inactivated VSV reached endpoint with an average 
tumor size of 750 mm 3 . In contrast, a single treatment with AV2 
showed significant efficacy, delaying the time to endpoint by 
almost 3-fold (34 days). Of the eight animals in this treatment 
group, seven were considered partial responders while only one 
mouse did not respond to the treatment (data not shown). When 
multiple doses of AV1 or AV2 were given intravenously, the 
efficacy of the treatments was markedly increased (Figure 4B). 
With the exception of one animal, all tumors responded to treat- 
ment with AV1 , with 3/6 mice showing complete tumor regres- 
sion. Two of these mice showed complete regressions as early 
as day 8 and 9, respectively, post-infection. Two of the re- 
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Table 2A. Mutant VSV strains are highly lytic on members of the NCI 60 panel of cancer cell lines 



WT AVI AV2 



MOI MOI MOI 



Leukemia 67% (4/6)* 0.13 nd 60% (3/5) 0.02 

NSC lung carcinoma 78% (7/9) 0.02 60% (3/5) 0.001 75% (6/8) 0.19 

Colon carcinoma 86% (6/7) 0.037 100% (5/5) 0.001 100% (6/6) 0.017 

CNS 80% (4/5) 0.02 50% (1/2) 0.6 60% (3/5) 0.38 

Melanoma 75% (6/8) 0.1 100% (2/2) 0.15 63% (5/8) 0.25 

Ovarian carcinoma 100% (6/6) 0.3 67% (2/3) 0.0005 60% (3/5) 0.14 

Renal carcinoma 88% (7/8) 0.24 100% (3/3) 0.14 100% (7/7) 0.48 

Prostate 1 00% (2/2) 0.06 1 00% (2/2) 0.035 1 00% (2/2) 0.04 

Breast 83% (5/6) 0.009 75% (3/4) 0.005 60% (3/5) 0.12 

All cell lines tested 82% (47/57) 0.11 80% (21/26) 0.07 75% (38/51) 0.20 



'Percent of NCI 60 panel cell lines by tumor type deemed highly sensitive to virus infection. () denote the number of highly susceptible cell lines out of the 
number of cell lines tested. Cell line deemed highly susceptible if the EC 50 == MOI of 1 following a 48 hr infection. MOI represents average EC 50 (MOI) of 
susceptible cell lines, nd = not determined. 



maining animals showed partial responses, delaying tumor pro- 
gression by almost 2-fold compared to controls. All eight AV2- 
infected mice responded well to treatment with five of eight 
developing durable tumor regressions. In fact, no sign of tumor 
regrowth was evident even 7 months post-treatment. Further- 
more, these mice failed to produce tumors when rechallenged 
with CT26 cells 7 months post-treatment, with no trace of de- 
tectable virus, perhaps indicating that host-mediated immunity 
to the tumor had developed. All forms of intravenous treatment 
were well tolerated by the mice, with no mortalities occurring and 
minimal signs of morbidity. Infected mice had mild to medium 
piloerection, mild dehydration, and some transient body weight 
loss following the initial treatment (Figure 4C). These symptoms 
were only observed after the initial infection, and all subsequent 
doses failed to elicit any signs of infection. 

Systemic administration of AV1 and AV2 is effective 
against disseminated disease 

CT-26 cells, when injected into the tail vein, seed tumors 
throughout the mouse, although predominantly within the lungs. 
We examined the lungs of four mice 16 days after tumor cell 
injection and four days after treatment with UV-inactivated virus 
(Figure 4D). These lungs were three times their normal mass 
duetotheirtumor burden. In contrast, tumor-bearing littermates 
receiving a single intravenous or intranasal dose of AV2 4 days 



Table 2B. The majority of cell lines in the NCI 60 cell panel show IFN defects 

Type I IFN defects 
Leukemia 100% (6/6)* 

NSC Lung carcinoma 71% (5/7) 

Colon carcinoma 100% (7/7) 

CNS 75% (3/4) 

Melanoma 85% (6/7) 

Ovarian carcinoma 67% (4/6) 

Renal carcinoma 75% (6/8) 

Prostate 1 00% (2/2) 

Breast 60% (3/5) 

All cell lines tested 81 % (42/52) 

'Denotes the number of cells in each group, which were unresponsive to 
either IFN-a or IFN-p pre-treatment. Cell line deem unresponsive if IFN pre- 
treatment was unable to significantly affect (< 10-fold) the EC50 of cells 
infected with WT VSV for 48 hr. 



prior to the time of sacrifice had lungs with normal mass and 
few obvious tumor nodules (Figure 4D). Consistent with this 
result, viral gene expression could be detected within 24 hr of 
a single intravenous dose of GFP-expressing AV3 in all tumor 
nodules, with little or no detectable expression in normal lung 
tissue (Figure 4D; inset). 

Figure 4E shows the survival plots of mice seeded with lung 
tumors and then treated intranasally with UV-inactivated virus, 
AV1 or AV2. The mean time to death (MTD) of animals treated 
with UV-inactivated virus was approximately 20 days. However, 
mice treated with either AV1 or AV2 were completely protected. 
This experiment demonstrates the remarkable ability of AV1 and 
AV2 to produce durable cures in an aggressive, disseminated, 
immune-competent tumor model. 

Discussion 

A key difference between the attenuated viruses described here 
and previously reported oncolytic versions of VSV is the inability 
of mutant M proteins of the AV viruses to block interferon pro- 
duction in infected cells. VSV M is a multifunctional protein 
required for several key viral functions including budding (Jaya- 
kar et al., 2000), virion assembly (Newcomb et al., 1982), cyto- 
pathic effect (Blondel et al., 1990), and inhibition of host gene 
expression (Lyles et al., 1996). The latter property has been 
attributed to the ability of M to block host RNA polymerase 
activity (Ahmed et al., 2003; Yuan et al., 2001) or to inhibit the 
nuclear transport of both proteins and mRNAs into and out of 
the host nucleus (Her et al., 1997; von Kobbe et al., 2000). The 
results presented here using virus infection are consistent with 
blocks in nuclear transport being the major mechanism by which 
wild-type VSV strains mitigate host antiviral response. Our anal- 
ysis of infected cell transcripts provided little evidence to sup- 
port a role for M protein in inhibiting host cell transcription 
but rather shows that VSV infection triggers an IRF-3-mediated 
stimulation of antiviral genes followed by an M protein-mediated 
block of transport of primary response transcripts from infected 
cell nuclei. Particularly germane to this study is the work from 
Dahlberg's group (Petersen et al., 2000) and others (von Kobbe 
et al., 2000) that has shown, by transfection studies, that M 
protein can associate with nuclear pore proteins and effect a 
block in mRNA export possibly through an association with the 
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E: Lung tumors were established as described above. On day 12, mice received 5 X 10 7 pfu of AVI or AV2 by intranasal instillation every other day for 2 
weeks (six doses total), "n" denotes number of mice in treatment group. 



interferon-inducible cellular gene product Nup98. Indeed others 
have suggested that overexpression of Nup98 following inter- 
feron treatment may be sufficient to overcome an M-induced 
block of mRNA export. Interestingly, when we compared tran- 
script levels in nuclear and cytoplasmic fractions following virus 
infection, we detected that nuclear export defects were more 
pronounced on some transcripts than others (D.F.S. and J.C.B., 
data not shown), which may reflect that the M-induced block 
may be specific for a subset of transcripts. It is interesting to 



note that in yeast, specific mRNA export factors (Yra1 and 
Mex67) have been shown to be responsible for the transport 
of different groups of transcripts (Hieronymus and Silver, 2003). 
Yra1 exports transcripts depending upon their rate of transcrip- 
tion whereas the Mex67 export protein does not discriminate 
on this basis (Hieronymus and Silver, 2003). Perhaps M protein 
in conjunction with Nup98 is targeting a specific set of proteins 
involved in the regulation of export of a subset of nuclear tran- 
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It appears that host cell antiviral programs are initiated by 
activation of the latent transcription factors NFkB, C-JUN/ATF2, 
and IRF-3. Upon viral entry into the host cell, the transcription 
factors c-JUN and IRF-3 are phosphorylated by JNK and a 
recently identified virally activated kinase (Sharma et al., 2003), 
while NFkB is released from its inhibitor IkB through the action 
of upstream IKK(s) (DiDonato et al., 1997). The activated tran- 
scription factors translocate to the nucleus and coordinately 
form an enhancesome complex at the IFN-fi promoter, leading 
to /F/V-p induction (Wathelet et al., 1998). Here we refer to this 
as the primary transcriptional response to virus infection. We 
and others (Levy, 2002; Sato et al., 1998a) postulate that a 
secondary transcriptional wave (or positive feedback loop; Levy, 
2002) is triggered by the IFN-p-dependent induction of a variety 
of interferon-stimulated genes. The data presented here with 
wild-type M protein help to delineate the distinction between 
these primary and secondary transcriptional events as well as 
identify several novel viral response genes (GADD34, PUMA). 
Following infection with viruses harboring mutant M proteins, 
it becomes clear that autocrine stimulation of the JAK/STAT 
signaling pathway by I FN-p leads to the production of secondary 
response genes like IRF-7, which in turn are critical for the 
tertiary induction of IFN-a genes (Morin et al., 2002). Indeed the 
M protein block of secondary and tertiary transcripts can be 
overcome by expressing a constitutively active version of IRF-7 
(from a viral promoter) even in the presence of wild-type M 
protein. While our cell culture studies clearly delineate the role 
of VSV M in blunting the positive feedback loop that is depen- 
dent upon production of IFN-p and afunctional interferon recep- 
tor, WT VSV infection still is capable of inducing interferon in 
intact animals (albeit more slowly and to lower levels). Others 
have shown that in virus-infected animals, an IFN-p-independent, 
systemic induction of interferon can occur in certain dendritic 
cell subsets; however, it is the local IFN-fi-dependent produc- 
tion of interferon that is critical in determining the magnitude and 
ultimate success of an interferon-mediated antiviral response 
(Barchet et al., 2002). We show that the amount of interferon 
and the timing of its production in WT VSV-infected animals are 



not sufficient to protect against lethal infections. The results 
presented here and elsewhere (Barchet et al., 2002) are consis- 
tent with the idea that the rapid and robust local stimulation of 
interferon by AV strains in mice successfully attenuates virus 
replication in normal tissues (even of WT VSV, see Figure 1 F). 
Our data indicates that defects in interferon signaling frequently 
occur during tumor evolution, with a majority of the cell lines in 
the NCI panel having an impaired response. Accumulating data 
have indicated that interferon is a multifunctional cytokine that 
can coordinately regulate cell growth, apoptosis, and antiviral 
pathways. Perhaps during tumor evolution, the selection for 
relentless growth and loss of apoptosis outstrips the occasional 
need for antiviral activity. 

Kirn and colleagues argue that several factors are important 
in tumor killing by oncolytic virus therapeutics, including the 
effective delivery to multiple sites within the tumor, evasion of 
acquired and innate immunity, and rapid virus growth and 
spread (Wein et al., 2003). We have found that intravenous 
administration of VSV is an effective means of delivering virus 
to multiple sites within the tumor, and because of its broad 
tissue tropism and short replicative cycle, VSV can rapidly grow 
and spread within the tumor. These same traits, however, can 
be a lethal combination if virus growth in normal tissues is 
unchecked (Figures 1B and 1C). The attenuated viruses de- 
scribed here provide the best of both worlds; they grow rapidly 
in a broad spectrum of tumor cells but, because of their ability 
to trigger antiviral responses in normal cells, may be exception- 
ally safe to the treated animal. 

One concern about the use of oncolytic virus therapeutics 
is the idea that a virulent strain could arise during virus propaga- 
tion in a tumor. It is of interest to note, however, that it has 
proven impossible to date to select for VSV variants that are 
resistant to the antiviral effects of interferon (Novella etal., 1996), 
and we have shown that IFN-inducing mutants protect the host 
against infection with WT VSV (Figure 1 F). Others have found 
that M mutations of the type described here cannot be comple- 
mented by mutations in other parts of M or other VSV genes 
(Coulon et al., 1990). In other words, only true revertants that 
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Figure 6. Model depicting how mutant VSV strains protect against virus 

A: WT VSV blocks IFN production from infected cells. Uninfected cells are 
not protected from virus spread. 

B: VSV strains defective in blocking nuclear/cytoplasmic mRNA export po- 
tently induce a "cytokine cloud" of antiviral cytokines (e.g., IFNs) protecting 
neighboring cells from virus spread. 



convert arginine 51 back to methionine 51 can restore mutant 
M back to the wild-type phenotype. One of the viruses we 
have used in this work is a complete deletion of methionine 51 , 
making the possibility of reversion to wild-type, even following 
several rounds of replication, remote. We speculate that in any 
population of interferon-responsive viruses where the majority 
of particles are potent inducers of interferon, it is unlikely that 
a wild-type variant could rise to dominance. The resulting "cyto- 
kine cloud" produced by infection with the IFN-inducing virus 
would protect the normal tissues of the host from the more 
virulent WT strain (Figure 6). Tumor killing would, however, be 
unaffected, as we have shown the majority of malignancies to 
be defective in responding to such a "cytokine cloud." We sug- 
gest that oncolytic viruses that trigger but do not disable antiviral 
responses will have a significantly improved therapeutic index 
over viruses that lack this property. 

Experimental procedures 

The Indiana serotype of VSV was used throughout this study and was propa- 
gated in Vera cells. T1026R (Desforges et al., 2001) and TP3 (Desforges et 
al., 2001), herein referred to as AV1 and AV2, respectively, were shown in 
this study and elsewhere to be IFN-inducing mutants of the HR strain of 
wild-type VSV Indiana (Francoeur et al., 1987). WT GFP and AV3 GFP are 
recombinant viruses rescued from plasmids described below. The rescue 
procedure has been described in detail elsewhere (Lawson et al., 1995). 

Constructs and viral rescue 

Creation of the constitutively active IRF-7A (IRF-7A 247-467) has been 
previously described elsewhere (Lin et al., 2000). IRF-7A 247-467 was 
amplified by PCR using a forward primer to the Flag epitope with an additional 
5' VSV cap signal and an Xho1 linker (ATCGCTCGAGAACAGATGACTA 
CAAAGACGATGACGACAAG), together with a specific IRF-7 reverse primer 
containing a VSV poly A signal and an Nhe1 linker (ATCGGCTAGCAG I I I I I 
TTCAGGGATCCAGCTCTAGGTGG GCTGC). The PCR fragment was then 
cloned into the Xhol and Nhel sites of the rVSV replicon vector pVSV-XN2 
(provided by John Rose). Recovery of rVSV has been previously described 
(Lawson et al., 1995). 

AV3 GFP is a recombinant virus with a deletion of methionine 51 in the 
M protein, as well as an extra cistron-encoding green fluorescent protein 
(GFP) inserted between the G and L sequences. Using T4 RNA ligase, an 
oligonucleotide containing a consensus T7 polymerase sequence was li- 



gated to the single-stranded RNA genome of the HR strain of VSV. Reverse 
transcription coupled PCR was used to clone the entire genome as fragments 
into the pBluescript II SK+ vector (Stratgene). The PCR primers were de- 
signed in such a manner as to introduce unique restriction endonuclease 
sites between each of the five viral cistrons. Ligation of these fragments 
resulted in the construction of a full-length positive sense copy of the HR 
VSV genome with a T7 promoter sequence at the 5' end of this anti-genome. 
Two overlapping oligonucleotides were synthesized to correspond to the 
hepatitis delta virus ribozyme sequence such that an Xhol site was introduced 
at the 3' terminus of the ribozyme to facilitate further cloning. These oligos 
were annealed and extended using Klenow to form a blunt-ended double- 
stranded DNA fragment. A 300 bp fragment from the 3' terminus of the anti- 
genome was PCR amplified and blunt end cloned to the ribozyme fragment. 
This fragment was subsequently cloned into the full-length genome construct 
described above via an internal Aflll site in the 3' terminus of the viral genome, 
and the Xhol site engineered into the ribozyme fragment. Finally, the T7 
terminator sequence was cloned into this vector using the flanking Xhol and 
BssHII sites. This plasmid was designated pDSV1. To generate AV3VSV, 
we removed a Xhol/Kpnl fragment spanning a region from within the P gene 
to within the G gene of pDSV1 , replacing a similar fragment from within 
pXN, yielding the plasmid pXNDG. This facilitated the exchange of the M 
cistron from pXNDG, with one previously mutated by deleting the codon 
for methinonine at position 51 in the amino acid sequence using directed 
mutagenesis (Quickchange XL; Stratgene). Subsequently, the GFP coding 
sequence was removed from pEGFP (Clontech) by digesting with Xhol and 
Xbal and ligated into Xhol and Nhel sites downstream of the additional stop/ 
start sequence in the pXNDG vector. 

WT GFP VSV was constructed by inserting the coding region of GFP 
from pEGFP (Clontech) between the Xhol and Nhel sites in the pXN vector 
(provided by John Rose). 

IFN ELISA 

Interferon-a levels were measured using a Human Interferon-Alpha ELISA 
kit (PBL Biomedical) per manufacturer's directions. Various cell lines were 
infected with either WT VSV or AV1 or AV2 VSVs at an MOI of 10. One 
hundred microliters of culture medium was collected at 48 hr post-infection 
and incubated in a 96-well microtiter plate along with standards supplied 
by manufacturer. IFN-FJ production was measured at 10 hr post-infection 
using a human IFN-FJ detection kit (TFB INC; Tokyo, Japan). Samples were 
processed as per manufacturer's instructions and then read on a DYNEX 
plate reader at primary wavelength of 450 nm with a reference wavelength 
of 630 nm. 

A variation of the above assay was used to determine the impact of 
IFN-FJ on IFN-a production. Briefly, 24-well plates of OVCAR-4 cells were 
either mock infected or infected with WT GFP VSV or AV3 GFP VSV at an 
MOI of 5 for 30 min. These wells were then washed with PBS and fed with 
OptiMEM (Invitrogen) or OptiMEM supplemented with various concentra- 
tions of antibody as indicated. To neutralize IFN-FJ in the media, an anti- 
IFN-FJ antibody was used (AHC4024; Biosource International), and as a 
nonspecific control, an anti-HA antibody was used (sc-805; Santa Cruz). 
Twenty-two hours post-infection, 100 of media from each well was as- 
sayed for IFN-a production using a Human IFN-a ELISA (PBL Biomedical) 
kit as described. 

Mouse serum IFN-a levels were assayed using a mouse Interferon- 
Alpha ELISA kit (PBL Biomedical). Balb/C females (10 weeks old; Charles 
River) were injected intravenously with either PBS or 1 x 10 8 pfu of WT GFP 
or AV3 GFP diluted in PBS. At the indicated times post-infection, blood was 
collected from the saphenous vein of each mouse into heparinized tubes 
and centrifuged to obtain serum. For each sample, 5 [jJ of serum was diluted 
in 95 [ji,l of PBS and assayed as per manufacturer's instructions. 

Determination of in vivo toxicity of VSV mutant viruses 

Eight- to ten-week-old female mice (strains as indicated; Charles River) were 
divided into groups of five and infected with dilutions of virus from 1 x 10 1 ° 
pfu to 1 x 1 0 2 pfu by the indicated route. Animals were monitored for weight 
loss, dehydration, piloerection, huddling behavior, respiratory distress, and 
hind limb paralysis. Mice showing moderate to severe morbidity were eu- 
thanized as per good laboratory practices prescribed by the CCAS. Lethal 
dose 50 values were calculated by the Karber-Spearman method. 

Four-week-old Balb/C mice or Balb/C interferon-a receptor knockout 
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mice (IFNAR"'-) (Steinhoff et al., 1995) were infected intranasal^ with 10 4 
pfu of either WTVSV, AV1 , or AV2. Mice were monitored for signs of morbidity 
and were euthanized upon signs of severe respiratory distress. 

Determination of in vivo toxicity of mixed samples 
of WT and mutant VSV strains 

Groups of three mice were infected by intranasal instillation with either WT, 
AV2, or mixtures of these strains as indicated. Mice were monitored for 
signs of morbidity and were euthanized upon signs of severe respiratory 
distress or hind limb paralysis. 

MTS assay 

In each experiment, the test cell line was seeded into 96-well plates at 3 x 
10 4 cells/well in growth medium (DMEM-F12-HAM + 10% FBS; Invitrogen). 
Following overnight incubation (37°C, 5% C0 2 ), media were removed by 
aspiration and to each well was added 20 [jJ of virus-containing media 
(ct-MEM, no serum) ranging in 10-fold increments from 3 x 10 6 pfu/well to 
3 pfu/well or negative control media containing no virus. Each virus dose 
tested was done in replicates of six. After a 60 min incubation to allow virus 
attachment, 80 [jJ of growth medium was added to each well, and the plates 
were incubated for another 48 hr. Cell viaDinty was measurea using the 
CeNTitre 96 AQ ueous MTS reagent (Promega). 

To assay for IFN defects, cell lines were pretreated with either 5 units/ml 
of IFN-a (Schering) or IFN-p (PBL Biomedical) for 12 hr and then challenged 
with a range of doses of WT VSV as described above. A standard MTS 
assay was performed and the results compared from nonpretreated cells. 

Microarray 

OVCAR4 cells either mock treated or infected with WT and AV strains were 
harvested in PBS, pelleted, and resuspended in 250 [jJ of resuspension 
buffer (10 mM Tris [pH 7.4], 15 mM NaCI, 12.5 mM MgCLl. Six hundred 
microliters of Lysis buffer (25 mM Tris [pH 7.4], 15 mM Nad, 12.5 mM MgCI 2 
5% sucrose, and 1 % NP-40) was added and the lysates were incubated at 
4°C for 1 0 min with occasional vortexing. Nuclei were collected by centrifuga- 
tion at 1000 x g for 3 min. The supernatant (cytoplasmic fraction) was 
collected and frozen at -80°C while the pellet (nuclear fraction) was washed 
once with 250 (d of lysis buffer and frozen. Total RNA was isolated from 
both nuclear and cytoplasmic fractions using the Qiagen RNeasy kit (as 
per manufacturer's instructions; Qiagen) followed by LiCI precipitation to 
concentrate each sample. Twenty micrograms of each RNA sample was 
processed according to manufacturer's standard protocol (Affymetrix) and 
hybridized to an Affymetrix HGA1 33u A chip. Each chip was scaiea to i ouu, 
normalized to the 100 normalization control genes present on each chip, 
then all nuclear samples were normalized to the mock nuclear sample on a 
per gene basis, while the cytoplasmic fractions were normalized to the 
corresponding mock cytoplasmic sample. Data were analyzed using Gene- 
spring software (SiliconGenetics). 

Western blotting 

OVCAR4 cells were grown in RPMI (Wisent) supplemented with 10% fetal 
bovine serum (Wisent). 1 x 10' cells were plated in 10 cm dishes the day 
prior to infection. For infection, the media were removed and replaced with 
RPMI alone prior to the addition of 5 x 10 7 pfu per VSV viral strain. One 
hour after virus addition, media were removed and replaced with RPMI 
supplemented with 10% FBS for the remaining duration of the experiment. 
Cells were lysed in standard NP-40 lysis buffer, and 75 of whole-cell 
extract was run on SDS-polyacrylamide gel and blotted with the following 
antibodies as indicated: IRF-7 (sc-9083; Santa Cruz), IRF-3 (sc-9082; Santa 
Cruz), ISG56 (a gift from Ganes Sen), VSV-N (polyclonal directed against 
the full-length Indiana N protein), and Actin (sc-8432; Santa Cruz). 

Quantitative PCR of Interferon-p mRNA 

Nuclear and cytoplasmic total RNA from infected or mock-infected OVCAR4 
cells was isolated as per manufacturer's instruction (RNeasy; Qiagen). Four 
micrograms of total RNA was DNase treated and reverse transcribed. Quanti- 
tative PCR was performed in triplicate to amplify IFN-p and HPRT targets 
from each using Roche Lightcycler technology (Roche Diagnostics). Cross- 
ing points were converted to absolute quantities based on standard curves 
generated for each target amplicon. IFN-p signal was subsequently normal- 
ized to HPRT as HPRT levels are unchanged during the course of these 



infections (data not shown). Primers used to amplify IFN-p were sense 
5 ' -TTGTGCTTCTCCACTACAGC -3 ' ; antisense 5 ' -CTGTAAGTCTGTTAAT 
GAAG-3' and HPRT primers were sense 5' -TGACACTGGCAAAACAA 
TGCA-3', antisense 5 ' -GGTCCTTTTCACCAGCAAGCT-3 ' . 

RT-PCR of interferon-a and interferon-stimulated genes 

A549 cells cultured in F12K medium supplemented with 10% FBS were 
infected with WT or AV strains (MOI 10). RNA was extracted 4 hr post- 
infection using Trizol (Invitrogen) according to the manufacturer's instruc- 
tions. One microgram of RNA was reverse transcribed with Oligo dT primers 
and 5% of RT was used as template in a Taq PCR. Primers used were as 
follows: Mx forward primer 5'-TTrGTTGTTTCCGAAGTGGAC-3' and reverse 
primer 5'-TTTCTTCAGTTTCAGCACCAG-3' ; VSV N forward primer 
5 ' -ATGTCTGTTAC AGTCAAG AG AATC-3 ' and reverse primer 5'-TCATTTGT 
CAAATTCTGACTTAGCATA-3' ; RANTES forward primer 5 ' -TAC ACC AGTG 
GCAAGTGCTCCAACCCAG-3' and reverse primer 5'-GTCTCGAACTCCT 
GACCTCAAGTGATCC-3' ; p-actin forward primer 5' -ACAATGAGCTGC 
TGGTGGCT-3' and reverse primer 5' -GATGGGCACAGTGTGGGTGA-3 ' . 

Ovarian xenograft cancer model in athymic mice 

Approximately 1 x 10 6 ES-2 human ovarian carcinoma cells were injected 
into the peritoneal cavity of CD-1 athymic mice (Charles River). Ascites 
development is generally observed by day 15 after cell injection. On days 
12, 14, and 16, mice were treated with 1 x 10 s AV2 virus or 1 x 10 9 pfu 
equivalent of UV-inactivated AV2 VSV by intraperitoneal injection. Mice were 
monitored for morbidity and euthanized upon development of ascites. 

Subcutaneous tumor model 

To establish subcutaneous tumors, 8- to 10-week-old Balb/C female mice 
(Charles River) were shaved on the right flank and injected with 1 x 10 6 
CT26 colon carcinoma cells (Kashtan et al. , 1 992) syngeneic for Balb/C mice. 
These tumors were allowed to develop until they reached approximately 10 
mm 3 , at which time virus treatments were initiated. Groups of animals re- 
ceived 1 of 6 doses of the indicated virus every other day for 2 weeks. Each 
dose of 5 x 10 8 pfu was administered by tail vein infection. Tumors were 
measured daily and volumes calculated using the formula 1/2(L*W*H). Mice 
were weighed daily and monitored for weight loss, dehydration, piloerection, 
huddling behavior, respiratory distress, and hind limb paralysis. Animals 
were euthanized when their tumor burden reached end point (750 mm 3 ). 

Lung model 

Lung tumors were established in 8- to 10-week-old female Balb/C mice 
(Charles River) by tail vein injection of 3 x 10 6 CT26 cells (Specht et al., 
1997). On days 10, 12, 14, 17, 19, and 21, groups of mice received 5 x 10 7 
pfu of the indicated virus by intranasal instillation as described elsewhere 
(Stojdl et al., 2000a). Mice were weighed daily and monitored for weight 
loss, dehydration, piloerection, huddling behavior, respiratory distress, and 
hind limb paralysis. Animals were euthanized at the onset of respiratory 
distress and their lungs examined to confirm tumor development. 

Visualization of GFP-expressing VSV strains in vivo 

Female Balb/c mice (Charles River) were injected with 3 x 10 s CT26 cells 
via the vein to initiate pulmonary metastases. On day 1 7, mice were injected 
intravenously with 2.5 x 10 8 pfu AV3 GFP VSV. Hind limb tumors were 
seeded by subcutaneous injection with 3 x 10 s CT26 cells. When tumors 
reached a volume of approximately 400 mm 3 , mice were injected intrave- 
nously with 2.5 x 10 8 pfu of AV3 GFP VSV. At the indicated times, mice 
were euthanized and tumors examined using a Leica MZFLIII microscope 
with a standard GFP filter set. Pictures were captured with a Nikon Coolpix 
100 camera. Overlayed images were generated using Adobe Photoshop 7.0. 
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ABSTRACT 

Purpose: We looked at the value of three preclinical 
cancer models, the in vitro human cell line, the human 
xenograft, and the murine allograft, to examine whether 
they are reliable in predicting clinical utility. 

Experimental Design: Thirty-one cytotoxic cancer drugs 
were selected. Literature was searched for drug activity in 
Phase II trials, human xenograft, and mouse allografts in 
breast, non-small cell lung, ovary, and colon cancers. Data 
from the National Cancer Institute Human Tumor Cell Line 
Screen were used to calculate drug in vitro preclinical activ- 
ity for each cancer type. Phase II activity versus preclinical 
activity scatter plot and correlation analysis was conducted 
for each model, by tumor type (disease-oriented approach), 
using one tumor type as a predictor of overall activity in the 
other three tumor types combined (compound-oriented ap- 
proach) and for all four tumor types together. 

Results: The in vitro cell line model was predictive for 
non-small cell lung cancer under the disease-oriented ap- 
proach, for breast and ovarian cancers under the com- 
pound-oriented approach, and for all four tumor types to- 
gether. The mouse allograft model was not predictive. The 
human xenograft model was not predictive for breast or 
colon cancers, but was predictive for non-small cell lung and 
ovarian cancers when panels of xenografts were used. 

Conclusions: These results suggest that under the right 
framework and when panels are used, the in vitro cell line 
and human xenograft models may be useful in predicting the 
Phase II clinical trial performance of cancer drugs. Murine 
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allograft models, as used in this analysis, appear of limited 
utility. 

INTRODUCTION 

Both basic science studies and clinical trials are essential 
components of the cancer drug discovery process. Potential 
therapeutics found to be significantly better than no treatment or 
standard therapies (i.e., active) in preclinical laboratory cancer 
models or compounds with novel chemotypes and equivalent 
effectiveness to standard treatments are advanced to confirma- 
tory testing in early (Phase I and II) clinical trials. Considering 
that RJR 3 is a reasonable surrogate end point for survival (re- 
quired but not sufficient), a favorable RR in Phase II trials 
advances a drug into additional clinical testing and is considered 
a prerequisite of drug success in the clinic. 

Advancing of a candidate drug from preclinical testing in 
the laboratory to testing in Phase II clinical trials is based on the 
assumption thai drug activity in cancer models translates into at 
least some efficacy in human patients, i.e., that cancer labora- 
tory models are clinically predictive. In addition, the relevance 
of tumor type-specific preclinical results for the corresponding 
human cancers in the clinic can be viewed through two different 
approaches: compound-oriented, where a drug is assumed to 
have potential activity against all human tumor types if it is 
effective against a single test tumor type, and disease-oriented, 
where a drug with preclinical activity in a single tumor type 
would only be expected to be effective in the same tumor type 
in patients. 

Although widely adopted, the above-mentioned assump- 
tion and approaches have not been confirmed by studies to date. 
In addition, all studies aimed to examine the clinical predictive 
value of laboratory cancer models inevitably suffer from inher- 
ent bias because compounds with no activity in preclinical 
models are generally not advanced to clinical trials. 

This work was undertaken to examine the clinical predic- 
tive value of three preclinical cancer models that have found 
wide use: the human in vitro cell line; the mouse allograft; and 
the human xenograft In these models, tumor volume or life span 
(i/i vivo mouse models) or cell growth (in vitro cell lines) is 
compared between the treatment group receiving the new drug 
and a control group (active or inactive control). 

The use of preclinical cancer models for selection of po- 
tential cancer therapeutics was pioneered by the NCI in the 
United States in the mid-1950s. The screening strategies used 
until 1990 were essentially compound oriented and involved a 



The abbreviations used are: RR, response rate; NCI, National Cancer 
Institute; NSCLC. non-sn\all cell lung cancer; NSC, National Service 
Center; T/C%, treated over control tumor volume ratio. 
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small number of predominantly murine allograft tumors, with 
emphasis on leukemia (1-7). Several studies from the NCI and 
others dernoustrated that this approach had low clinical predic- 
tive value for activity in Phase 11 trials (5-9) and yielded 
compounds with selective activity toward human leukemias and 
lymphomas (10-12). Thus, in 1990, the NCI introduced a dis- 
ease-oriented in vitro Human Tumor Cell Line Screen com- 
prised of 60 cell lines from the most common adult tumors 
(13-17). The screen was designed so that each tumor type was 
represented by a panel of cell lines, selected on the basis of 
different subhistological features, and common drug resistance 
profiles. It was hoped that this screen would help identify drug 
leads with high potency and/or selective activity against partic- 
ular tumor types. 

Recently, the NCI examined the correlation between drug 
activity in Phase II clinical trials and preclinical activity in 
cancer models (18). Important findings were: (a) with the ex- 
ception of NSCLC, preclinical activity in human xenografts of 
a particular tumor type did not correlate significantly with Phase 
II activity in the same type of tumor, ih) with the exception of 
breast and colon histologies, human xenografts did not signifi- 
cantly predict Phase II clinical activity in other cancers types; 
and (c) compounds that were active in at least one-third of all 
tested human xenografts were likely to have at least some 
activity in Phase II clinical trials. 

Studies examining the clinical predictive value of preclin- 
ical cancer models outside the scope of the NCI screening 
programs have focused on the human xenograft model and have 
looked predominately into same-tumor correlations (disease- 
oriented approach). These studies have produced both positive 
(the model was found clinically predictive) and negative (the 
model was found to have no clinical predictive value) results in 
various tumor types (19-27). 

Two major criticisms can be made on the overall body of 
literature concerning the clinical predictive value of preclinical 
cancer models. First, the vast majority of studies to date, both 
within and outside the NCI, have based their conclusions ou the 
observation of trends rather than the use of statistical methods. 
Second, all studies conducted previously have used dichoto- 
mous definitions of preclinical and/or clinical activity based on 
largely invalidated cutoff values of measures of activity: a 20% 
RR in Phase II clinical trials and (most commonly) a 42% 
T/C% in human xenografts and mouse allografts. 

In addition, two important questions have not been ad- 
dressed at all by previous studies : the clinical predictive value of 
the in vitro cell line model and the relative clinical usefulness of 
the different preclinical cancer models in use today (i.e., how 
different models compare with each other in terms of their 
ability to identify clinically effective drugs). 

Thus, we conducted a study comparing the clinical (Phase 
II) predictive value of three widely used preclinical laboratory 
cancer models, the in vitro human cell line, the mouse allograft, 
and the human xenograft. We used quantitative measures of 
both clinical and preclinical activity and statistical methods. We 
considered three relevant questions: (a) the clinical predictive 
value of the three models within the same tumor type (disease- 
oriented approach); (b) the clinical predictive value of the three 
models when one preclinical tumor type is used as a predictor of 
overall clinical activity in all other tumor types (compound- 



oriented approach); and (c) the clinical predictive value of the 
three models when overall preclinical and clinical activity in all 
tumor types combined is considered. 

MATERIALS AND METHODS 
Study Design 

A retrospective, literature-based study was conducted. Data 
were retrieved from studies published between 1985 and 2000. 
This period was chosen as one when all three preclinical cancer 
models of interest to this study were in use and because it was 
long enough and close enough to the present as to afford data on 
a relatively large number of recently developed drugs. 

The data search was restricted to four of the most common 
and commonly studied solid tumor types, breast, colorectal, 
ovarian, and non-small cell lung cancers, to ensure that suffi- 
cient data would be available. 

The Medline and CancerLit databases were used for the 
collection of published data. In an attempt to minimize publi- 
cation bias, both paper publications (peer reviewed) and meeting 
abstracts (nonpeer reviewed) were used as sources of informa- 
tion. If published data were not available for identified drugs, 
manufacturers were contacted for unpublished data. 

Selection uf Drugs 

Drugs were identified by searching the Medline and Can- 
cerLit databases for compounds that had undergone single agent 
Phase I clinical trial testing either in 1991 or 1992. Agents with 
novel targets such as signal transduction or angiogenesis mod- 
ulators were not included. 

This Phase I-based approach to agent identification was 
used to ensure selection of agents developed within the study 
time frame of 1985-2000: agents with a published Phase I 
clinical trial in 1991 or 1992 were expected to have been 
through preclinical testing between 1985 and 1990 and to have 
undergone Phase II clinical evaluation by the year 2000. In 
addition, this approach was adopted to minimize publication 
bias: publication of Phase I trials is generally less dependent on 
the observation of favorable tumor responses than publication of 
Phase II trials or of preclinical cancer model experiments. 

Data Collection and Drug Activity 

Phase II Clinical Trials. Phase II clinical trials for each 
drug were identified by searching the Medline and CancerLit 
databases for scientific papers, reviews, or meeting abstracts. 
Duplicate publications were discarded. For trials with only 
abstract information, an additional search by author and/or in- 
stitution name was conducted in Medline or CancerLit Scien- 
tific papers were used in preference to abstracts, where possible. 

Two restrictions were applied. The first was a geographic 
restriction: to ensure uniform methodology in trial conduct and 
RR assessment, only Phase II trials conducted in the Americas, 
Western Europe and Australia were included in the analysis. 
The second restriction referred to the treatment population and 
aimed to ensure that uniformly responsive populations of pa- 
tients would be considered. For breast and ovarian cancer, only 
Phase II trials that included patients who had received prior 
chemotherapy for metastatic disease were used, whereas for 
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NSCLC and colon cancers, the Phase II trials selected included 
patients who had received no prior chemotherapy. 

For each individual Phase II trial the following information 
was collected: disease site; previous chemotherapy; disease 
stage; number of patients entered; eligible; evaluable and evalu- 
able for response; number of complete and partial responses; 
and criteria used for response (standard WHO versus other). 
Trials had to have enrolled a minimum of 14 patients, at least 12 
of whom must have been evaluable for response. Completed 
Phase II trials for which >20% of entered patients were listed as 
inevaluable for response were considered methodologically un- 
acceptable and were not used. For trials in progress at the time 
of repotting (meeting abstract format only), the available data 
were used even if they represented <80% of the enrolled 
patients, provided that they met the 14-patient criterion. If a trial 
publication did not specify the previous chemotherapy treatment 
status of patients, it was not used. Information from Phase HI 
trials was used only when the Phase I and II components of the 
trial were separately conducted and reported. Phase II informa- 
tion was collected regardless of drug dose and route of admin- 
istration. 

For a given drug, in a given cancer type, the activity in a 
single Phase II clinical trial was recorded as the RR: the number 
of partial and complete tumor responses over the total number of 
patients evaluable for response. The number of evaluable rather 
than eligible patients was used to accommodate information 
from trials for which final results were not available. In the very 
few cases where the Dumber of patients evaluable for response 
was not provided, the number of evaluable patients, the number 
of eligible patients, or the number of patients entered in the trial 
(whichever was provided by the investigators) in that priority 
order was used. 

To obtain a drug's overall clinical activity in multiple 
Phase II trials of patients with the same tumor type, all responses 
and the collective number of patients evaluable for response 
were pooled from individual trials to calculate an overall RR. 
Finally, to get the Phase II activity for any three or four cancer 
types combined, the individual tumor RRs were averaged. 

Human Xenografts and Mouse Allografts. The search 
strategy for mouse cancer model data were similar to the Phase 
II process. The only exclusion in this case were results obtained 
with mouse tumors that were engineered to have special char- 
acteristics such as, for example, overexpression of proteins 
conferring drug resistance. 

For each murine allograft or human xenograft, numerical 
value(s) of activity for drugs of interest was retrieved only if 
expressed as the treated over control tumor volume ratio (T/C%) 
or the tumor volume growth inhibition ratio (GI%; and T/C% = 
100% - GI%) in the literature sources. In addition, only T/C% 
values calculated by the formula T/C% = [(RVtreated)/(RV- 
control)] X 100% were collected (where RV = relative vol- 
ume), whereas T/C% values defined for regressions [T/C% = 
[(RVtreated (0) - RVtreated(t))/RVtreated (0)] X 100%] were 
excluded to ensure uniform calculation methods. If the T/C% 
was not provided but a relative tumor growth curve was given as 
a figure in a publication, the numerical values for the treatment 
and control groups provided in this graph were used to calculate 
the T/C%. Activity reported as all mice cured or 100% complete 
responses was considered equivalent to and recorded as a T/C% 



= 0. If no exact T/C% value was given but an interval of values 
was provided instead (i.e., T/C% >42), a T/C% equal to the 
interval midpoint value (i.e.. a T/C% = 71) was assigned. 
Finally, where preclinical activity was reported as GI%, it was 
converted to T/C% by the formula T/C% = 100% - GI%. The 
activity value for the most effective, nontoxic dose in each 
schedule was recorded. 

Single tumor type preclinical activity of each drug in the 
murine allograft or human xenograft models was defined as the 
mean T/C% value from all tested allografts/xenografts of that 
tumor type. Where the same laboratory had tested a single 
xenograft/allograft with multiple schedules of the same drug 
and/or where the same xenograft/allograft had been tested with 
the same dntg by more than one laboratories, T/C% values for 
a single tumor were obtained by first averaging the same labo- 
ratory T/C% values and then the same xenograft T/C% values. 

Overall preclinical activity in xenografts/allografts for all 
four tumor types together was expressed as the average of single 
tumor mean T/C% values. 

In Vitro Human Tumor Cell Lines. The publicly avail- 
able data from the NCI's Human Tumor Cell Line Screen was 
used as the information source for the in vitro tumor cell line 
model. Information from the NCI in vitro Human Tumor Cell 
Line Screen was favored because it was a readily available, 
well-defined, comprehensive, validated, and extensive single 
source of data. Another important reason was that as an explor- 
atory literature search showed, there was such a wide variation 
between different investigators in the types of assays used and 
the nature of cell lines tested that it would have been impossible 
to comprehensively combine published data from various labo- 
ratories. 

Acquisition of NCI Human Tumor Cell Line Screen data 
were done through the internet.' 1 Information for each drug was 
obtained through its NCI code number or NSC number. Such 
numbers, where available, were identified either from the liter- 
ature or from a cross-reference of compound names and NSC 
numbers in the NCI database (also available on the NCI web 
site). 4 

Testing of compounds in the NCI in vitro Human Tumor 
Cell Line Screen has been described previously (17). Briefly, 
growth inhibition in cell lines is measured by the GI 5() , defined 
as the drug concentration that causes a 50% reduction in cell 
number in test plates relative to control plates. For every drug 
entering the screen, a concentration range comprised of five, 
10-fold dilutions is tested in each of a group of 60-80 cell lines. 
The optical densities between treated and control plates, as 
resulting from the sulforhodamine B assay, are used to construct 
a dose-response curve for each cell line in the screen, leading to 
the calculation of a GI 5() in every case by interpolation. In the 
case of compounds with low (i.e., the highest concentration 
tested causes <50% growth inhibition) or high (i.e., the lowest 
concentration tested causes >50% growth inhibition) potency 
where interpolation is not possible, the highest and lowest 
concentrations, respectively, in the tested drug concentration 



4 Internet address: http://www.dtp.nci.aih.gov/docs/cancer/searches/ 
cancer_open_compounds.html. 



4130 Clinical Predictive Value of Preclinical Cancer Models 



range are recorded as the approximated GI J0 s. GI J0 s are then 
couverted to their Log,,, values and the overall mean Log 1() GI J() 
across all cell lines in the screen is calculated. Finally, the 
results are displayed by a bar graph called the mean graph (28). 
This graph lists all of the cell lines and their corresponding 
Log, 0 GI 50 s and relates the magnitude of every individual cell 
line Log, ( ,GI J0 to the mean Log, () Gi5„ across all of the cell lines 
by a bar to the right (more sensitive than average) or to the left 
(less sensitive than average) of a vertical line. The experiment is 
repeated several times for each concentration range. In cases 
where mean graphs are based on mostly approximated GI 5( ,s, 
other higher or lower concentration ranges of the drug (again 
made of five, 10-fold dilutions) are also tested. Thus, for each 
compound tested in the NCI in vitro Human Tumor Cell Line 
Screen, multiple GI 50 mean graphs (one for each concentration 
range tested) based on multiple experiments each and with a 
different content of approximated versus calculated (by interpo- 
lation) GI 5() s may exist in the NCI database. 

We obtained all of the available GI 50 mean graph informa- 
tion from the NCI web site for all drugs in our list of compounds 
with known NSC numbers. 4 For every drug, we recorded the 
number of concentration ranges tested in the NCI in vitro 
Human Tumor Cell Line Screen, the number of experimental 
repetitions conducted for each concentration range, and, finally, 
the number of approximated Log 10 GI 5{) s in each mean graph. 

The drug concentration range that produced the mean 
graph with the smallest number of approximated Log, () GI 50 s 
was used for scoring a drug's activity in the NCI in vitro Human 
Tumor Cell Line Screen, unless a different concentration range 
existed, with a number of approximated Log, 0 GI 5() s varying 
< 10% from the first but for which more experiments were done. 

Preclinical activity in the NCI in vitro Human Tumor Cell 
Line Screen was scored in two different ways: by the mean 
Log, () GI 5() and by what was termed the activity fraction. For a 
given drug, in a given tumor type, the mean Log| () GI 50 was 
computed by averaging the Log, () GI 5(> s from all of the cell lines 
of that tumor type in the mean graph corresponding to the most 
appropriate concentration range. The activity fraction was arbi- 
trarily defined as the number of cell lines of a given tumor type 
in which the individual Log, 0 GI 5() s were more sensitive to the 
drug than the average Log„,GI so (for all cell, lines of all cell 
types) in the mean graph over the total number of cell lines 
tested from that tumor type. The activity fraction was also 
calculated from the mean graph corresponding to the most 
appropriate concentration range. Overall mean Log 1H GI 5() s or 
activity fractions for all four cancer types combined were cal- 
culated by averaging the single tumor values. 

Statistical Analysis 

For each preclinical cancer model, 9 Phase II versus pre- 
clinical activity relationships were examined for a total of 27: 
relationships by minor type (disease-oriented approach, 4 rela- 
tionships/model), predictive ability of one rumor type for the 
other three tumor types combined (compound-oriented ap- 
proach, 4 relationships/model), and general predictive ability for 
all four tumor types combined (1 relationship/model). 

Relationships were first examined descriptively with the 
construction of various Phase II overall activity versus preclin- 



Table I Drugs selected for data collection. NSC numbers are shown, 
where available 



Drug 


NSC number 


Taxotere 




Paclilaxel 


125973 


Topotecan 


609699 


Irinotecan 




Rhizoxin 


332598 


Gemcitabine 




Fazarabine 




Teniposide 




Menogaril 


269148 


Fosquidone 


Dot 1615 


Elsamittucin 




Araonafidc 








Suramin 




Raltitrexed 




Flavone acetic acid 








CI-921 


343499 


Trimetrexate 


352122 


Multkargeted antifol 




Vinorelbine 




Piritrexim 


351521 


Fotemustine 




CI-980 




Chloroquinoxaline sulfonamide 


339004 


Ibuofosine 




CI-941 




Tiazofurin 


286193 


Pyrazine diazohydroxide 


361456 


Talliraustine 




Crisnatol 





ical activity scatter plots (Microsoft Excel software). Each point 
on these scatter plots represented data from one drug for which 
both Phase U and preclinical activity values had been calculated 
from literature sources, as described above. 

After descriptive evaluation of the data, Spearman rank 
correlation coefficients were obtained using the SAS software, 
UNIX version 6.12. A significance test of every correlation 
coefficient was performed, and the corresponding Ps were cal- 
culated. Spearman rank (nonparametric) correlation coefficients 
were used because the distributions of the x (preclinical activity) 
and y (clinical activity) variables were not normal (29). 

When multiple comparisons are made within a group of 
data such as in this work, there is increased possibility that some 
correlations will come up as statistically significant solely be- 
cause of chance (false positives). To avoid this, multiple com- 
parison correction methods {e.g., Bonferroni approach) are often 
used to adjust the significance level to a lower P than conven- 
tionally used. However, relying on corrected probabilities in- 
creases the possibility that meaningful correlations will be 
missed (false negatives), making the nature of the scientific 
work key to the decision to use multiple comparison adjustment 
methods or not. Because this was an exploratory study, we were 
willing to accept a higher probability of false positives to ensure 
that potentially meaningful associations would not be discarded. 
We therefore did not correct for multiple comparisons and chose 
a level of significance of 0.05. 
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B. OTHER THREE VS BREAST OTHER THREE VS NSCLC 




Preclinical Activity (mean loglO Ols 



OVARY VS OVARY COLON VS COLON OTHER THREE VS OVARY OTHER THREE VS COLON 




FOUR VS ALL FOUR 




Fig. 1 Phase II Activity (overall response rate) vermis preclinical activity (mean Log 10 GI 30 ) scatter plots and 
correlation analyses lor the in vitro cell line model. The arrows show data points corresponding to the drugs 
didemnin B, elsamitrucin, or rhizx>xin and correlation coefficients are given with and without ("w/o arrows") the 
inclusion of these points. * indicates statistical significance at the 5% level. A, relationships by tumor type. B, 
relationships for when the preclinical activity in one tumor type was correlated with the Phase II activity in the 
other three tumor types combined. C, relationships for preclinical and clinical activity in all four tumor types 
combined. 



RESULTS 

The Medline and CancerLit databases were searched for 
cancer drugs (excluding agents with novel targets such as signal 
transduction or angiogenesis modulators) that had undergone 
single agent Phase I clinical trial testing either in 1991 or 1992. 
This search led to 97 drug uames. After excluding drugs that 
were eliminated from additional clinical testing for practical 
reasons (for example difficulties with the drug formulation), 
drugs that were specifically developed for a certain type of 
cancer (as for example hormone-regulating compounds for 
breast cancer) and drugs that were still the subject of published 
Phase I studies in 1991 and 1992 despite already being licensed 
for human use before 1985, a list of 31 agents was obtained 
(Table 1). After applying the restrictions and criteria mentioned 
under "Materials and Methods," we extracted from the literature 
preclinical and Phase II activity information for those agents on 
four common cancer types, breast, NSCLC, ovary, and colon. 
Overall, 100 preclinical and 307 Phase II clinical literature 
references were used spanning the period between 1985 and 
2000. 



No preclinical data were found for 5 of the 31 drugs 
researched. Of the 26 drugs remaining, availability of preclinical 
and Phase II data varied, depending on which preclinical and 
clinical tumor(s) had been tested and published in each case. 
Thus, each of the relationships examined had a different number 
of data points as different subsets of drugs were included. The 
most data points for any relationship were 17. For six relation- 
ships, five or fewer data points were available (relationships 
with fewer than five data points were not included in the results 
presented below). 

In Vitro Cell Line Model. Fig. 1 shows the Phase II 
activity versus preclinical activity scatter plots and correlation 
analysis for the in vitro cell line model when the mean 
Log„,GIj () was used as the measure of preclinical activity. 
Because the lower the mean Log 10 GI so , the higher the potency 
of a drug, a negative correlation between mean Log, n GI 50 and 
Phase II overall RR was expected if the model had a good 
clinical predictive value. Significant negative correlations were 
found for NSCLC (Fig. LA), for breast or ovarian cell lines 
versus overall Phase II activity in the other three tumor types 
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A. BREAST VS BREAST 



CVS NSCLC B. OTHER THREE VS BREAST 



OTHER THREE VS NSCLC 



COLON VS COLON 



OTHER THREE VS OVARY 



OTHER THREE VS COLON 



Fig. 2 Phase II activity (overall response rate) versus preclinical activity (mean T/C%) scatter pi 
model. .4, relationships by tumor type. «, relationships tor when the preclinical activity in one t 
in the other three tumor types combined. 




(Fig. IB), and for preclinical activity versus Phase II activity in 
all four tumor types (Fig. 1C). 

Although the trends observed with the activity fraction 
were similar to ones seen for the mean Log 10 GI S0 measure, no 
correlations were statistically significant in this case (data not 
shown). 

Human Xenograft Model. A negative correlation be- 
tween Phase II RRs and mean T/C% values was expected to be 
indicative of a good clinical predictive value for the human 
xenograft model. As shown in Fig. 2, no significant correlations 
between preclinical and clinical activity were observed for this 
model in our analysis. 

For some of the drags, preclinical activity calculations 
were based on multiple human xenografts of the same tumor 
type (i.e., panels) while for others on only a single xenograft. 
The relationships iu Fig. 2 were reanalyzed, including only the 
drugs for which preclinical information on more than one hu- 
man xenograft was available (Fig. 3). The results did not change 
for breast or colon tumors (compare Fig. 3A with Fig. 2A). 
However, the relationship for NSCLC became statistically sig- 
nificant and a highly significant correlation was seen for ovarian 
cancer (Fig. 3A). A near significant correlation was obtained 
when ovarian human xenograft panels were used to predict 
clinical activity in the other three tumor types combined (Fig. 
3B). 

Murine Allografts. No significant correlations between 
preclinical and clinical activity were observed for any of the 
relationships examined in this study for the- murine allograft 
model (data not shown). 

Additional Analyses. The scatter plots in Fig. 1 revealed 
an interesting observation: in every relationship except for colon 



cancer under the disease oriented approach, an obvious trend 
toward a negative correlation was evident except for one to three 
outlier data points (Fig. 1, arrows). Interestingly, in all cases, 
these outlier data points corresponded to the same three drugs, 
namely elsamitnicin, didemnin B, and rhizoxin. 

In au attempt to provide a possible explanation for this 
observation, we considered the mechanism of action of all drugs 
that were included in the correlations in Fig. 1. From a total of 
18 drugs (Table 2), 5, namely, elsamitrucin, didemnin B, rhi- 
zoxin, flavoue acetic acid, and fosquidone, were distinct in that 
they seemed to act through mostly unknown pathways that were 
not the typical DNA-based mechanisms of action of cytotoxic 
cancer agents. Thus, although flavone acetic acid and fosqui- 
done fitted the rest of the data, there seemed to be a plausible 
mechanistic basis for the outlier behavior of the data points for 
elsamitrucin, didemnin B, and rhizoxin. In fact, exclusion of 
these three drugs led to highly significant correlations in all 
cases except for the same tumor relationship in colon cancer 
(Fig. 1, correlation coefficients and Ps for "w/o arrows"). It 
should be noted that none of the relationships examined for the 
human xenograft models (Figs. 2 and 3) included elsamitrucin, 
didemnin B, or rhizoxin as data points. 

Because of the intriguing results obtained with the human 
NSCLC and ovarian xenograft panels in Fig. 3A, a more detailed 
examination of these panels was pertained. As seen in Figs. 4A 
and 5A, the 6 ovarian and 7 NSCLC xenograft panels differed 
both in the numbers (minimum of 6 and maximum of 13 for 
ovary and minimum of 2 and maximum of 8 for NSCLC) and 
the identity of the xenografts that they contained. Analysis by 
grade/histology was hindered by lack of complete information 
on all xenografts. However, some patterns appeared distinguish- 
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A. BREAST VS BREAST NSCLCVSNSCLC B. OTHER THREE VS BREAST OTHER THREE VS NSCLC 




Fig. 3 Phase II activity (overall response rate) versus preclinical activity (mean T/C%) scatter plots and correlation analyses for the human xenograft 
model. Only data points for which two or more human xenografts were used to generate the preclinical activity values are shown. * indicates statistical 
significance at the 5% level. A. relationships by tumor type. B. relationships lor when the preclinical activity in one tumor type was con-elated with 
the Phase II activity in the other three tumor types combined. 



Table 7 Mechanisms of 


action of drugs used in clinical vs. pre-clinical correlations for the in vitro cell line model (Fig. 1) 


Atypical cytotoxics are shown i 


n bold. 




Mechanism of action 




DNA intercalator 


Cl-921 




Didemnin B 


Not understood. Believed to act on protein synthesis 


Elsamitrucin 


Not understood. It has been observed to inhibit topoisomerase I and II in in vitro 
experiments (relevance to in vivo uncertain). In cells in culture it has been observed 
to cause a cytostatic effect. 


Epirubicin 


Attaches to DNA at G bases 


Fazarabine 


Probably inhibits DNA synthesis by incorporation into DNA. 


Flavone acetic acid 


Has antivascular action in mice (probably not applicable to humans). Also believed to 
induce cell cycle arrest by generating reactive oxygen species that act on DNA. 


Menogaril 


Causes cleavage of double-stranded DNA by inhibiting topoisomerase U 




Inhibits dihydrofolate reductase 


Rhizoxin 


Not fully understood. May interact with tubulin (different binding site than taxoids) and 
lead to cell cycle arrest. Also observed to act as an angiogenesis inhibitor. 




Microtubule destabilizing agent that causes apoptosis 


Taxotere 


Microtubule destabilizing agent that causes apoptosis 


Teniposide 


DNA synthesis inhibition by stabilization of cleavable DNA complexes 


Topotecan 


Topoisomerase I inhibitor 


Trimetrexate 


Antifolate 


Fosquidono 


Unknown. Not a DNA binder or a topoisomerase inhibitor 


Tomudex 


Thymidylate synthase inhibitor 


Tiazofurin 


Inhibits 5'-phosphodehydrogenase, the rate-limiting enzyme for guanine ribonucleotide 
synthesis 



able. All ovarian panels contained 10-20% undifferentiated 
tumors and also included both poorly differentiated and mod- 
erately differentiated subtypes (Fig. AS). For NSCLC, all panels 
included adenocarcinoma xenografts with a frequency of >30% 
(Fig. SB). These observations suggested that the frequency of 
histological/grade subtypes within a xenograft panel may be an 



important determinant of clinical predictivity rather than the 
number or the nature of the xenografts. 

In an attempt to explore this hypothesis and to further 
examine the validity of the results obtained for ovarian cancer 
and NSCLC in Fig. 3A, the literature was reviewed for addi- 
tional data. Six more agents with known overall Phase II RRs in 
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OVCAR-8 

OvSh 
HOC22-S 



DATA POINTS (DRUGS) 
EPIRUBICIN FOSQUIDONE GEMCITABINE MENOGARIL TAXOTERE PACUTAXEL 



undifferentiated 




HISTOLOGY/GRADE FREQUENCIES IN HUMAN OVARIAN XENOGRAFT PANELS 


HISTOLOGY / 




FOSQIimONF. 


GRMCTTAB1NE 


MENOGARIL 


TAXOTERE 


NO. (%) 


GRADE 


NO. (V.) 


NO. (•/.) 


NO. (•/.) 


NO. (•/.) 


NO. ('/.) 






1 (10) 


1 (17) 


2 (25) 




3 (23) 




2 (20) 




2 (33) 


2 (25) 




0 (0) 


mod. diff., serous 


1 (10) 


2 (20) 


2 (33) 






0 (0) 




1 (10) 


1 (10) 


0 (0) 






0 (0) 


poorly diff., serous 


0 (0) 




0 (0) 


0 (0) 




2 (15) 


unspecified 


4 (40) 


2 (20) 


1 (17) 


2 (25) 




8 (62) 


TOTAL 


10 (100) 




6 (100) 


8 (100) 




13 (100) 



Fig. 



Hurr 



graft panels for the six data 
points (drugs) used in the "Ovary 
versus Ovary" relationship in 
Fig. 3A. A, names and histology/ 
grade (? = unknown, rood, 
diff. = moderately differentiated, 
poorly diff. = poorly differenti- 
ated, dediff. = dedifferentiated, 
adncrc = adenocarcinoma) of all 
of the xenografts tested. Inclu- 
sion of a particular xenograft in 
one of the panels is shown by a 
•'+" sign in the corresponding 
row and under the appropriate 
drug column. B, histology/grade 
subtypes in the human ovarian 
xenograft panels by number and 
percentage. 



previously treated patients with ovariau cancer were found. Five 
and one of these compounds had been tested in a panel of 15 and 
6 human ovarian xenografts, respectively (26, 30), which fitted 
the histology/grade patterns identified in Fig. 4B. Fig. 6A lists 
the names and Phase H RRs (31-56) of these additional drugs 
together with the six compounds that were included in the 
analysis in Fig. 3A. Fig. 6, A and B, also shows mean T/C% 
values scatter plots and statistical analyses for two cases: first, 
for when all of the available xenograft information was used, 
and second, for when mean T/C% calculations were based, 
where possible, on the arithmetically smallest panel, namely the 
one used for gemcitabine in Fig. 4. Highly significant correla- 
tions were obtained in both cases (Fig. 6B). 

For NSCLC information on two additional agents was 
found: amsacrine [mean T/C% of 62 (26) and Phase II RR equal 
to 0.06 (31)] and doxorubicin [mean T/C% of 47 (26) and Phase 
II RR equal to 0.12 (32)]. Both had been tested in NSCLC 
human xenograft panels that included all three histological 
subtypes and had adenocarcinoma contents of 29 and 33%, 



respectively. As for ovarian cancer, those two additional data 
points (Fig. 5C, arrows) enhanced the statistical significance of 
the relationship observed in Fig. 3A. 

DISCUSSION 

A literature-based, retrospective study was conducted to 
examine the clinical predictive value of three widely used pre- 
clinical cancer models, namely, the in vitro human tumor cell 
line, the human xenograft, and die murine allograft models. Four 
solid rumor types were selected, breast, NSCLC, ovary and 
colon, and data on a set of 31 anticancer agents (excluding 
agents with novel targets such as signal transduction or angio- 
genesis modulators) were collected. Preclinical activity in each 
model was correlated with RRs in Phase II clinical trials by 
tumor type (disease-oriented approach) in the case when one 
preclinical tumor type was used as a predictor of overall clinical 
activity in the other three tumor types combined (compound- 
oriented approach) and for all four tumor types together. 
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Fig. 5 Human NSCLC xenograft panels for 
the seven data points (drugs) used in the 
NSCLC versu.1 NSCLC relationship in Fig. 
3A. A. drug names (EPI = epirubicin, 
FAZ = fazarabine, GEM = geincitabine, 
IRINO = irinotecan, PACLIT = paclitaxel, 
TOPO = topotecan, VINRLB = vinorel- 
bine) and histological subtypes (? = un- 
known) of all of the xenografts tested. Inclu- 
sion of a particular xenograft in one of the 
panels is shown by a '*+" sign in the corre- 
sponding row and under the appropriate drug 
column. B, histological subtypes in the hu- 
man NSCLC xenograft panels by number 
and percentage. C, scatter plot and correla- 
tion analysis for the same tumor clinical 
versus preclinical activity relationship in 
NSCLC, including the seven drugs in Fig. 
6A as well as two additional agents, doxo- 
rubicin and amsacrine (data points shown 
with arrows), with known NSCLC Phase II 
and human xenograft activities. 
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HISTOLOGY FREQUENCY IN HUMAN NSCLC XENOGRAFT PANELS 



HISTOLOGY 



C. NSCLC VS NSCLC (ADDITIONAL DATA) 




r = -0.90 p = 0.001* 



Colon cancer was the only site for which a disproportional 
amount of clinically active versus inactive agents were identi- 
fied: only 3 drugs with Phase II RRs > 0.15 and 8 with <0.10 
(Figs. 1-3). However, this was likely a reflection of the lack of 
clinically effective drugs for this rumor type rather than the 
result of selection and publication bias. 

When the mean Log !0 Gl 50 measure of preclinical activity 
was used, the in vitro cell line model was found to be predictive 



of Phase II clinical performance for NSCLC under the disease- 
oriented approach iu breast and ovarian cancers under the com- 
pound-oriented approach and in the case of all four tumor types 
together. Highly significant correlations were observed in all 
cases, except colon cancer, when three consistent outlier data 
points corresponding to the mechanistically nontypical cyto- 
toxic agents didetnnin B, elsamitrucin, and rhizoxin were ex- 
cluded in exploratory analysis. Thus, the in vitro cell line model 
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Fig. 6 A, preclinical and Phase II clinical activity 
data for ovarian cancer, including the six drugs in 
Fig. 3A ("Study Drugs") as well as an additional 
six drugs ("Additional Drugs") with known ovar- 
ian Phase II and human xenograft activities. Lit- 
erature references are shown in superscript font. 
B. scatter plots and correlation analysis for the 
same tumor clinical versus preclinical activity re- 
lationship in ovarian cancer based on the data in 
Fig. 5A. Analysis was done for (a) when all of the 
xenografts were included in preclinical activity 
calculations ("AH") and (b) when only the six 
xenografts in the gemcitabine panel were used for 
preclinical activity calculations, where possible 
("Gem. Panel"). Stars indicate statistical signifi- 
cance at the 5% level. 



r= -0.86 p= 0.0004* 



i=-0.88 p= 0.0002* 



might be predictive in the case of typical cytotoxic cancer agents 
but mi glit fail to provide reliable information for at least some of 
the noncytotoxic cancer drugs. Additional studies are needed to 
explore this observation. 

The fact that drug potency (mean Log lo GI 5() ), a pharma- 
cological measure, was found to be predictive of Phase II 
performance was somewhat surprising but has been noted pre- 
viously: a recent study by Johnson et al. (18) demonstrated a 
highly significant correlation between potency in the NCI hu- 
man tumor cell line screen and activity in the hollow fiber assay. 
Pharmacological considerations (pharmacological differences 
between the species) might provide a possible explanation why 
some anticancer agents appear effective in in vivo mouse models 
but fail to show efficacy in Phase II trials. Experience with some 
agents (57) has shown that the maximum-tolerated dose in 
mouse can be higher than in humans, presumably because of an 
intrinsic ability of mouse cells to tolerate higher drug doses 
and/or more efficient elimination in the mouse. 

In contrast to the in vitro cell line, our resulLs suggest that 
the murine allograft model, as used in this analysis, is not 
predictive of clinical Phase II performance. This is in agreement 
with the conclusions from a large body of information originat- 
ing from the NCI screening programs in use from 1975 to 1990 
(5-8, 10-12). 



The human xenograft model showed good tumor-specific 
predictive value for NSCLC and ovarian cancers when panels of 
xenografts were used. However, it failed to adequately predict 
clinical performance both in the disease and compound-oriented 
settings for breast and colon tumors. The results with breast 
cancer were in agreement with a recent study (18) but were 
contradictory to the work reported by Bailey et al. (20), Iuoue et 
al. (21), and Mattern et al. (24). However, given that the latter 
studies did not use formal statistical methods, our conclusions 
may be more robust. The results for ovarian cancer were in 
agreement with studies by Taetle et al. (23) and Mattern et al. 
(24) but contradicted the conclusions of the recent NCI United 
States study by Johnson et al. (18). Our results for NSCLC were 
consistent with the observations from all previous studies that 
examined same tumor correlations in this cancer type (18, 24). 

For NSCLC and ovarian cancer patients, a panel of xe- 
nografts was more predictive than single xenografts confirming 
preliminary observations by Bellet et al. (19). 

In an effort to identify the properties that may render an 
ovarian or NSCLC human xenograft panel predictive of Phase II 
dntg performance, common characteristics were sought. There 
was no similarity in number and only limited overlap in identity 
of xenografts between same tumor type panels. However, cer- 
tain patterns in histology/grade content were found. These ob- 
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servations suggest that the relative histology/grade content 
rather than the number or identity of xenografts within a panel 
may be the important determinant of clinical predictivity. To our 
knowledge, no other study has attempted to identify ovarian or 
NSCLC human xenograft panel features that might lead to 
accurate predictions of a drug's Phase II performance. 

This is the only study that has examined the clinical pre- 
dictive value of three preclinical cancer models together and 
thus allows for direct comparisons between them. The results 
suggest that the human xenograft model is more predictive than 
its murine allograft counterpart and that the in vitro cell line 
model is of, at least, equivalent usefulness to the humau xe- 
nograft model. 

The NCI work with cancer drug screening programs from 
1955 to 1990 (Refs. 5-8, 10-12; leukemia-based preclinical, 
compound-oriented screens preferentially yielding compounds 
active against hematological malignancies) in combination with 
our work and recent conclusions by Johnson et al. (Ref. 18; 
statistically significant results under the compound-oriented ap- 
proach for some solid tumors) suggest that the compouud- 
oriented strategy may be successful when used only within solid 
tumors or only within hematological malignancies but not when 
the two disease groups are considered together. 

In general, our results suggest that the in vitro human tumor 
cell line and the human xenograft models might have good 
clinical predictive value in some solid tumors (such as ovary and 
NSCLC) under both the disease and compound-oriented strate- 
gies, as long as an appropriate panel of tumors is used in 
preclinical testing. 

In conclusion, given the results in this study and those of 
others (6, 7, 1.0-12), continued use of the murine allograft 
model in drug development may not be justified. The work 
presented here argues for emphasis to be placed on in vitro cell 
lines (in the context of the NCI Human Tumor Cell Line Screen) 
and appropriate panels of the human xenograft model. 

Recent years have seen an explosion in the molecular 
understanding of cancer, which has led to the development of 
not only more effective cytotoxic cancer drugs but of potentially 
cytostatic or antimetastatic agents as well. The future preclinical 
and clinical development of traditional cytotoxic compounds 
will likely follow similar procedures with those practiced today, 
and in that sense, the present findings could contribute to the 
more efficient discovery of such agents. However, the existing 
cancer models and parameters of activity in both the preclinical 
and clinical settings may have to be redesigned to fit the mode 
of action of the novel cytostatic, antimetastatic, antiangiogen- 
esis, or immune response-modulating agents (58). In the pre- 
clinical cancer model front, the case is being made for the use of 
the orthotopic mouse xenograft and transgenic models (59-61) 
because those are thought to more accurately simulate human 
disease, especially in terms of growth characteristics and met- 
astatic behavior. New end points of preclinical activity are 
contemplated such as the demonstration that a new molecule 
truly hits the intended molecular target (58). In Phase U clinical 
trials, there is a growing effort toward validating new surrogate 
endpoints of drug efficacy (58). The next decade will probably 
answer many of the questions regarding the effectiveness of 
these novel agents and will likely define a new role for tradi- 



tional cytotoxic therapies, but it will also bring new challenges 
in terms of preclinical predictors of activity. 
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Significant advances in the understanding (if the molecular basts for 
tumour/host, interactions in humans have occurred in the last decade 
through studying patients with metastatic melanoma. This disease is charac- 
terised by its tendency to be modulated by immunologic factors. 
Furthermore, immunologic manipulation of the host with various systemic 
agents, in particular IL-2, frequently affects this natural phenomenon and 
can lead to complete rejection of cancer. By studying the cellular 
immunology occurring in patients undergoing immunotherapy, several 
tumour antigens (TA) and their epitopes recognised by human leukocyte 
antigen (HLA) class I -restricted cytotoxic T-lymphocy'es (CTU have been 
identified. Most of these TA are non-mutated molecules expressed by the 
majority of melanoma in vim and most melanoma cell lines. In addition, 
unique minimal epitopic sequences play an immunodominant role in the 
context of specific HLA class 1 alleles. Since melanoma lesions from 
different patients often share expression of the same TA, and a minimal 
peptide sequence from a TA can cause immunologic changes in multiple 
patients, interest has grown in the development of TA -specific vaccines 
suitable for broad patient populations. Repeated in vitro stimulation of 
peripheral blood mononuclear cells (PRMC) with TA-derived epitopes can 
induce a high frequency of TA -reactive T-cells in melanoma patients. The 
same epitopes can also enhance TA-specific T-cell reactivity in vim when 
administered subeut.aneously in combination with Incomplete Freund's 
Adjuvant (IFA). Epitope-based vaccinations, however, have not shown 
strong clinical efficacy unless combined with 1I.-2 administration. Attempts 
to increase the efficacy of these vaccines have: combined specialised 
antigen-presenting cells or the administration of whole TA through DNA- or 
RN A -based vaccines with the intention of increasing antigen presentation 
and processing. Save for .scattered reports, however, the success of these 
approaches has been limited and '['-cell-directed vaccination against cancer 
remains at a paradoxical standstill whereby anticancer immunisation can be 
induced but it. is not sufficient, in most cases, to induce tumour regression. 
Using melanoma as the .standard model for immunotherapy, we will review 
various methods of T-cell-directed vaccination, the monitoring and analysis 
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l. Introduction 



The immune response against pathogens utilises both 
a humoral and a cellular arm. While the former is 
directed toward extracellular pathogens, the latter is 
directed toward proteins produced by infectious 
agents replicating within permissive host cells. 
Intracellular proteins produced by infectious agents 
are enzymatically degraded into short peptides (9 - 11 
amino acids in length) and presented on the surface of 
infected host cells in association with Major Histocom- 
patibility Complex (MHC) class I molecules. This MHC 
complex is required for triggering T-cells through 
direct interaction with the T-cell receptor (TCR). Most 
tumour antigens identified so far are intracellular 
molecules. Thus, the cellular immune response Is 
likely the prevalent immunologic defence against 
cancer [1] since antibodies cannot penetrate the 
intracellular compartment. 

Using IL-2, stable human T-cell lines specifically 
recognising autologous tumour cells could be 
expanded in vitro hom excised tumour specimens [21. 
Due to the capacity of IL-2 in enhancing T-cell activa- 
tion, proliferation and antitumour activity in vitro, IL-2 
was administered to patients with advanced cancer 
[31, in particular metastatic melanoma and renal 
cancer for which no effective alternative therapy is 
available [4]. Administration of high-dose iv. IL-2 
resulted in 7% complete and 10% partial tumour 
regressions in patients with metastatic melanoma [5]. 
IL-2 was then used to expand in vitro Lymphokine- 
Activated Killer (LAK) cells from peripheral blood 
monocytes (PBMC) [6] and tumour-infiltrating 
lymphocytes (TIL) from tumour specimens for 
adoptive cell transfer [7]. While LAK ceils did not 
prove useful in randomised clinical trials [6], the 
adoptive transfer of TIL suggested an additional 
clinical benefit over of IL-2 alone inducing a 34% 
objective response rate [51 

Due to these promising results and the ease with 
which tumour-specific TIL could be obtained from 
melanoma patients, melanoma has served as the 
prototype human model for studying tumour 
immunology. Molecular characterisation of TIL led to 
identification of TA [2,7,81. Kawakami etal. had shown 
that. TIL could kill melanoma cell lines from different 
patients provided they expressed at least one matched 
MHC (called Human Leukocyte Antigen or HLA in 
humans) class I molecule [91. Based on this HLA. 'restri- 
ction,' TA were identified. HLA-restricted recognition 
of TA was formally proven by transduction of a 
Ashley Publications Ltd. All rights reserved. 



specific HLA allele into melanoma cells lacking the 
'restricting element' that was associated with recogni- 
tion of the TA by a particular TIL [91. After 
establishment of a cDNA Library from the melanoma 
cell line recognised by the TIL, genes from the library 
were transfected into non-melanoma cells expressing 
the correct restriction element. The transfected target 
cells were then tested for recognition by the same TIL 
and the cDNA clones that caused recognition were 
isolated and sequenced for identification of the TA 
[5,101. 



2. Tumour antigens 

Two major categories of TA were identified. The first 
categoiy Includes tumour differentiation antigens 
(TDA), such as MART-l/MelanA, gpl00/Pmell7, 
tyrosinase, TRP-1 and TRP-2. TDA are expressed by 
both melanoma cells and normal melanocytes [11-14] 
but not other malignancies and normal tissues [15.1. 
The second category involves tumour specific 
antigens (TSA), which are found in normal gametic 
cells in the testes and in cancers in addition to 
melanoma but are not expressed by normal melano- 
cytes. TSA include the MAGE, BAGE and GAGE 
families and NY-ESO-1 [161 NY-ESO-1 was found in 
approximately 30% of melanomas and breast: tumours 
and occasionally identified in malignancies of the 
lung, liver, thyroid, ovary and prostate [16]. Therefore, 
ESO-1 is a promising candidate tumour antigen and is 
currently the focus of numerous clinical trials. 
Due to the prevalence of HLA-A'0201 in the 
melanoma population (- 50%), a large number of TA 
were identified in association with this allele [17,18]. 
Among them, MART-1 has received particular 
attention because of its immunodominance' in the 
context of HLA-A*0201 [191. It was originally noted 
that 90% of TIL expanded from HLA-A"0201 patients 
recognise the MART-1: 27-35 epitopic sequence [20], 
This work was based on the analysis of archival TIL 
strains maintained in culture for several passages. 
More recent work by Kawakami et al. extended the 
analysis of specificity to a broader population of 
short-term HLA-A*0201 -associated TIL cultures and 
suggested that the rate of MART-1 recognition is not as 
high as originally believed [21]. We have also noted, 
by directed enumeration of MART-1 -specific TIL with 
epitope/HLA tetrameric complexes, that the 
frequency of MART-l-specific TIL is also not as high as 
predicted by those original studies [221 . Another 
commonly recognised antigen in the context of 
^ ^ ^ ^ (2001) 1(2) 
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HLA-A*0201. is gplOO. Analysis of 217 fresh metastatic 
melanoma specimens demonstrated that, although 
the expression of MART-1 and gplOO in vivo can be 
quite heterogeneous, the majority of melanoma 
metastases express these TA [131- Due to their 
frequency of expression, the main focus of vaccina- 
tion efforts has been directed towards these two TA. 

2,1 Peptide-based vaccines 

Extensive analyses have shown that the MART- 1 :27-35 
epitope is consistently recognised by MART-1 - 
specific, tumour-recognising HLA-A*0201 restricted 
T-cells [231. More than one HLA-A*02()1 restricted 
peptide could be identified for the larger gplOO [24]. 
However, gplOO epitopes were not as efficient as 
MART-1 :27-35 for in vitro induction of CTL. Thus, to 
enhance the immunogenicity of gplOO epitopes, 
single amino acid substitutions were made to increase 
the" binding affinity to HLA-A*0201. A modified 
peptide was subsequently identified, 
gpl00:209-217(210M) (g209-2M), with sequence 
IMDQVPFSV. modified from its natural sequence: 
ITDQVPPSV), with increased immunogenic potential 
in vitro and in vivo [25,26]. Since HI.A-A*0201 is the 
predominant allele in the melanoma population [17], 
peptide-based vaccinations restricted to HLA-A*0201 
patients were initiated by sc. administration of 
MART-1 :27 -35 emulsified in IFA. Comparison of 
reactivity of PBMC obtained before and after vaccina- 
tion demonstrated strong enhancement of 
immune-competency toward MART-1 [271- In a 
second trial, melanoma patients were treated with 
g2()9-2M alone or in combination with high dose iv. 
IL-2. Successful immunisation could be documented 
in patients immunised with g209-2M; however, no 
objective clinical responses were observed unless IL-2 
treatment was added [28]. CTL has also been induced, 
in patients receiving tyrosinase vaccination; in one 
study regression of a metastasis was noted in a patient 
with persistence of tyrosinase expression [29]. 

2.2 Dendritic cell-based vaccines 

Preclinical studies suggest that the administration of 
peptide alone for the treatment of cancer is not as 
efficient as when an appropriate adjuvant was added 
[30]. Among adjuvants, dendritic cells (DC) play a 
critical role because they are highly specialised 
antigen-presenting cells (APC) with unique 
immunostimulatory properties. DC can induce 
primary cellular immune responses [31]. Activated DC 
can migrate from areas of antigen capture in the 
<? Ashley Publications Ltd. All rights reserved. 



peripheral tissues to areas infiltrated with naive 
T-cells, such as of lymphoid organs. DC have been 
shown also in preclinical models to play a role in class 
I-restricted antitumour sensitisation in vivo [32-38] and 
as an addition to immunisation with peptide alone 
[33,36,371. These preclinical successes have led to 
peptide-pulsed DC-based clinical trials with varying 
results [39,40]. 

DC cultured in IL 4 and GM-CSF could sensitise in 
vitro PBMC from melanoma patients against 
1ILA-A*0201 -restricted epitopes, including 
MART-T27-35 and g209-2M, by a single exposure of 
the responcler cells to the relevant TA [41]. These 
findings stimulated a Phase 1 clinical trial at the 
National Cancer Institute (NCI) in which patients with 
metastatic melanoma were immunised with DC 
pulsed with MART-1 and gplOO epitopes. Previously 
reported clinical, studies had generally used minimal 
numbers of DC compared with the potential yield of 
DC from a standard leukapheresis and had applied 
different routes of administration [39,40]. In the NCI 
study, up to 2 x 10 8 DC were safely administered 
intravenously. However, with the exception of one 
patient who experienced a temporary partial regres- 
sion of sc. and pulmonary metastases, no clinical or 
immunological benefits were noted [13!. Nestle et al. 
reported high rates of tumour regression in response 
to the intra-lymphatic administration of a small 
number of DC prepared with methods similar to the 
those used in the NCI study and pulsed either with TA 
derived peptides or with tumour preparations [39]. 
Thurner et al. vaccinated eleven patients with 
MAGE-3A1 peptide-pulsed DC and was able to 
expand CTL in eight patients and reported clinical 
regression in six patients [42]. The different routes of 
DC administration, maturation status of DC and the 
addition of helper antigens including KLH and TT may 
be responsible for the significant differences in 
clinical outcomes of these DC trials. 

2.3 Whole antigen vaccines 

Usage of TA-derived peptides requires knowledge of 
the amino acid sequence of the epitope specific for 
each HLA allomorph [43]. Various strategies have been 
reported to obviate this problem. The use of 
acid-eluted peptides derived from autologous tumour 
has been proposed. [351. Other strategies have taken 
advantage of the ability of APC to incorporate 
exogenous particles or messenger-RNA (mRNA) and 
present them to T-cells [44,45.1- Bhardwaj et al. [46] 
demonstrated that DC can be infected by viruses and 
Exp. Opin. Biol, liter. (2001) 1(2) 
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be permissive to the expression of viral products. We 
infected DC with viral coastructs encoding TA to 
stimulate autologous human T-ceHs and observed that 
DC are permissive to poxvirus-driven expression of 
TA [4 1,471. Virally-induced TA were naturally 
processed by DC and presented as relevant epitopes 
[471 which could efficiently induce TA-specific T-cells 
[41]. 

With virally-infected DC we extensively analysed the 
stringency of HLA allele/epitope requirements for 
immunogenicity of a particular antigen/HLA 
combination [48]. Those studies demonstrated that 
virally-induced TA-specific: CTL by autologous DC is 
restricted to a unique allele/ligand combination and is 
excluded by minimal changes in HLA structure. Thus, 
the use of whole TA, including epitopes associated 
with multiple restriction elements, may not be as 
useful as theoretically predicted [49,50]. Adenoviral 
vectors have been tested in Phase I clinical trials. One 
of 16 patients receiving adeno-MART-1 experienced a 
complete clinical respoase with disappearance of all 
evaluable metastases. Other objective clinical 
responses occurred in patients receiving II -2 simulta- 
neously and thus could not be attributable specifically 
to the viral-TA vaccine. In addition, no consistent 
evidence of immunisation to MART-1 or gplOO could 
be demonstrated in contrast to the results described 
for peptide vaccines.lt is possible that neutralising 
antibodies generated by the exposure to the virus 
eliminated the vector before it could generate antigen 
for immunisation [5U 



2.4 DC/tumour hybrids 

Some have advocated the construction of 
TA-presenting cell hybrids with the intent of 
combining the potency of DC as professional 
antigen-presenting cells with the unlimited antigenic 
potential of cancer cells. This approach has the 
obvious advantage of not requiring the molecular 
identification of all potential antigeas expressed by 
each patient's cancer cells. Promising results were 
reported recently by hybridising DC with renal cancer 
cells [52]. Similarly, others attempted to hybridise 
autologous cancer cells to heterologous melanoma 
cells from established cell lines [531. This approach has 
several advantages. It allows the expaasion of autolo- 
gous tumour cells in those cases when little starting 
material is available since the efficiency of the hybridi- 
sation is very high. In addition, the hybrids carry 
foreign HLA alleles that can induce a strong 



immunologic reaction at the site of inoculation that 
may increase the potency of the vaccine. 

3.Monitoring immune response and 
heterogeneity _____ 

3.1 Monitoring of anticancer vaccines 

The ultimate goal of a vaccine is to promote cancer 
rejection. However, the biological goal is to increase 
the antitumour immune competence of the host. 
Antigen-specific vaccinations, although clinically 
disappointing, have given a unique opportunity to 
test localisation and activation status in the target 
organ of vaccine-specific systemic T-cell responses. At 
the same time, accurate documentation of the expres- 
sion of molecules targeted by the vaccination can be 
performed. Thus, analysis of these molecular 
treatments allows the opportunity to directly measure 
immune responses that may in turn provide further 
insight into the biology of tumour rejection and 
suggest more effective methods of therapy. 

To fully assess the effects of a cancer vaccine, labora- 
tory studies are focused on monitoring the parameters 
of vaccine administration, biological properties and 
local or systemic effects. The assessment of patient 
and tumour-related factors suspected to influence 
antitumour immune response should be considered. 
It is essential to demonstrate that the vaccine induces 
an immune response that recognises the antigens as 
naturally processed and presented by tumour cells. 
Furthermore, assessment of the magnitude and 
quality of the immune response is likely to be 
important in determining the potential efficacy of the 
vaccine. For example, the number of TA-specific cells 
[54], their avidity for the antigen [55], the level and 
variety of cytokines they produce [56] and their 
tumour localisation may be critical for mediating 
antitumour effects [57]. 

Theoretically, the tumour is die most relevant tissue 
for monitoring immune responses, since lymphocytes 
or antibodies must reach the tumour in order to 
mediate antitumour effects. Examination of the 
tumour can also confirm that the relevant antigen and 
the associated HLA molecules are expressed. 
Post-vaccination sampling of tumour specimens can 
provide important information on immune selection. 
Even when this is feasible, an unsolved question is the 
timing of tissue sampling during vaccine administra- 
tion. However, in most circumstances, it is only 
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possible to monitor specific responses in peripheral 
blood. This information verifies that the vaccine could 
induce a systemic immune response. 

3.2 Patient heterogeneity in immune responses 

Induction of an immune response may depend on 
patient-specific factors including prior treatment with 
cytotoxic agents, type and stage of disease, perform- 
ance status etc. Some investigators have reported 
generalised or specific defects in T-cell signalling in 
patients with advanced cancer 158]. Defects in the 
maturation of professional APC due to tumour 
overproduction of vascular endothelial growth factor 
have also been reported [591- Moreover, there are no 
reliable tests to evaluate immune competence and the 
ability to respond to antigen exposure. Many investi- 
gators rely only on general markers of immune 
responsiveness, such as delayed type hypersensi- 
tivity, CD4+/CD8+ ratios or lymphocyte 
responsiveness to mitogens, viral antigens or alloanti- 
gens. The relevance of these studies to assess 
antigen-specific immune competence, however, 
remains undetermined. 

High resolution HLA typing is an important aspect of 
patient selection due to the HLA restriction of some 
vaccines [60], Patients selected for treatment with a 
particular HLA-restricted peptide antigen must be 
shown to express that HLA molecule. Such a require- 
ment may not be necessary when the immunising 
preparation is a whole protein or is derived from 
whole tumour cells. However, because of the 
difficulty in. measuring and characterising immune 
responses to proteins or whole tumour cells, 
monitoring is often directed to specific HLA-restricted 
epitopic determinants of the proteins contained in the 
vaccine [51,61]. 

3.3 Tumour heterogeneity and immune response 

Clinical data suggest the possibility of dissociation 
between immtine responses detected in peripheral 
blood versus tumour [621. Thus, assessment of 
tumour/host interactions at the tumour site can guide 
selection of appropriate patients for immunologic: 
treatment and provide more accurate information 
about the biological basis for treatment failures and 
successes. Unfortunately, obtaining sufficient tumour 
tissue for these studies can be difficult, particularly 
when the tumours are not easily accessible. Further- 
more, assays conducted on tumours are expensive 
and labour-intensive and interpretation of the results 
© Ashley Publications Ltd. All rights reserved. 



is complicated by heterogeneity within, and between 
tumour specimens. 

Fine needle aspirates (FNA) of tumours, which can be 
performed with relative ease and minimal morbidity, 
can provide sufficient tissue for some correlative 
studies and give information on TA and HLA expres- 
sion. In addition they can be used to establish both 
lymphocyte cultures and tumour cell lines for in vitro 
assays [63]. A number of other tumour-related factors 
have been identified that may determine responsive- 
ness to a vaccine, including tumour expression of 
immunosuppressive cytokines and apoptotic signals 
or lack of expression of adhesion molecules on 
tumour vasculature that allow penetration by T-cells 
[64]. Due to the many factors that appear to impact on 
the antitumour immune response [651, newer 
technologies, such as gene chip arrays, which can 
measure expression of many genes simultaneously 
within a tumour tissue sample, may be necessary to 
fully characterise the tumour phenotype prior to 
immunisation [661. 

3.4 Monitoring immune responsiveness at global 
transcript level 

The identification of TA has provided a tool suitable 
for dissecting the molecular immunology of 
tumour/host interactions [67,68] by focusing on one 
single clearly defined target molecule at a time. 
However, as the resolution of our insight increases, 
new questions emerge regarding the natural history of 
immune- mediated adjustments of tumour phenotypes 
and, conversely, tumour- induced adaptation of the 
host immune competence [65,691. As previously 
discussed, clinical studies have raised new questions 
based on the paradoxical observation that in several 
instances the induction of tumour-reactive circulating 
T-cells by the vaccine does not correlate with clinical 
effectiveness [27L This discrepancy suggests that a 
clearly defined therapy against specific biological 
targets, which should lead to cancer rejection, is 
insufficient. Also, it represents a highly relevant 
example of the complexity of human cancer and the 
biological process underlying it. An extensive number 
of events downstream of the generation of tumour- 
reactive lymphocytes might explain the unpredictable 
behaviour of supposedly immune-responsive human 
cancers [651- 

Understanding of the biological phenomena associ- 
ated with tumour rejection in response to immune 
manipulation therefore will depend on new 
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technologies that allow for the global evaluation of 
thousands of gene interactions at one time [70). We 
have paid particular attention to microarray 
technology, which allows comparative measurement 
of die expression of thousands of genes in relation to 
a biological process [71}. Among the various methods 
introduced, the utilisation of partial cDNA sequences 
from genes with known function or from expressed 
sequence tags (ESTs) from uncharacterised genes has 
been particularly successful [72]. These cDNA are 
spotted on a solid surface similar to a standard 
pathology slide. Total RNA or poly(A)-RNA from a 
tissue or cell line is then converted into cDNA, 
labelled with a reporter fluorescent molecule and then 
hybridised to the slide containing the arrayed genes. 
mRNA from a reference tissue or cell line is 
co-hybridised to the same slide after labelling with 
another fluorochrome. The addition of a consistent 
reference system allows correction for technical 
variability among hybridisations. Advances in 
computing power [73) and statistical tools [74] allow 
efficient interpretation of the extensive data derived 
by these analyses and allow discrimination between 
true expression patterns and random artefacts. 

Advanced statistics can also characterise patterns of 
gene expression relevant to various biological 
processes [71,75,76]. Global patterns of gene expres- 
sion could be obtained of neoplastic processes [77! 
and modulation of T-cell function [78). Furthermore, 
portraits' of tumour specimens could be derived by 
the study of surgical specimens [79-81]. These efforts 
have identified molecular subsets of cancer based on 
mathematical analyses of their extended gene expres- 
sion profile 177,79,80,82-84]. With the hope of 
identifying subcategories of disease with homoge- 
neous behaviour, natura treai di d ' 1 ' 1 
et al. identified several genes associated with 
metastatic potential in a murine model of human 
melanoma [85]. Bittner et al. described two biologi- 
cally distinct molecular profiles of cutaneous 
melanoma with divergent metastatic potential in vitro; 
but due to limitations in the study design, no clinical 
correlates could be identified [80]. More recently, 
Perou et al. separated primary breast carcinomas into 
two groups with molecular portraits suggesting 
diversity in expression of markers potentially 
correlating, with survival [8.1]. However, a direct 
association between the molecular profile of a solid 
tumour and its biological behaviour has not been as 
yet described. Our work suggests that melanoma 
metastases diverge biologically in 20 - 30% of patients 



[13]. In addition, although Perou etal. [81] noted that 
primary breast tumours biopsied pre- and 
post-treatment do not change significantly during a 
short observation period, we and others have noted, in 
metastatic melanoma that specific biological markers 
may vary significantly [62,86]. 

The difficulty of correlating laboratory findings with 
clinical outcome is a significant obstacle to the assess- 
ment of the role of immune escape and/or tolerance 
in cancer progression. Tumour/host interactions are 
generally studied in excised surgical specimens. 
These specimens, however, are not optimal for 
functional studies addressing the status of T-cell 
activation in situ. Freshly isolated tumour cells or 
lymphocytes are sub-optimal for accurate functional 
studies due to their extensive contamination by 
various cell types and the altered conditions of cells 
recently subjected to enzymatic or mechanical 
treatment. Expansion of TIL/tumour cell pairs 
provides elegant, models for the characterisation in 
vitro of CTL/tumour interaction but these studies are 
only indirectly representative of in vivo conditions 
[87]. In addition, analysis of reagents obtained from 
excised specimens yields static information about a 
disease characterised by extreme genetic instability 
[88]. By excising the tumour mass, its natural or 
therapy-induced behaviour cannot be followed 
prospectively and an assumption is made perhaps 
erroneously that the excised lesion is representative of 
other lesions left in vivo. This limitation could be 
overcome by serial analyses of identical tumour 
samples through FNA, which provide the opportunity 
to evaluate dynamically the expression of relevant 
markers [12,621. Due to the limited amount of material 
obtainable, however, FNA suffers from its own limita- 
tions. FNA could be combined with other techniques 
allowing analysis of limited materials. Distinct popula- 
tions of cells could be sorted by micro-dissection 
[89,90] or epitope/HLA tetramers [91,92] and their 
status of activation could be tested using accurate and 
sensitive methodologies, such as Taqman-based real 
time RT-PCR [93] or intracellular FACS analysis [94]. 
This theoretically allows evaluation of the status of 
activation of CTL in vivo. Collection of cDNA libraries 
from FNA of metastases could profile patterns of 
expression of thousands of genes in a single experi- 
ment [66]. This information, combined with 
knowledge of the natural history of the lesion left in 
situ, might yield clinical material for the correlation of 
laboratory findings with clinical outcome and identifi- 
cation of the algorithm necessary for tumour 
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regression. Recent work in our laboratory has shown 
that the use of FNA-derived material may yield useful 
information about the kinetic of the interaction 
between the host immune system and cancer [63,95.1- 

Since, of the increasing number of biological variables 
that could play a role in modulating tumour immune 
responsiveness, we believe that a global approach to 
the problem using raicroarray technology should be 
adopted. Although the ex vivo analysis of tissue 
samples using cDNA microarray technology is 
somewhat limited by the amount of RNA necessary for 
conventional cDNA microarrays (50 - 200 |J.g of total 
RNA or 2 - 5 Ug poly(A)-RNA) corresponding to 106 - 
107 cells sufficient for conventional microarray 
analysis. This number of cells is above the yield from 
FNA or micro-dissection specimens. To broaden the 
use of cDNA microarrays to experimental conditions 
in which source material is the limiting factor, we 
recently described a procedure that allows 105-fold 
enrichment of source RNA by combining antisense 
RNA (aRNA) amplification with template-switching 
effect to generate full-length double-stranded cDNA 
[96]. In this method, the amplified cDNA collection 
still retains the relative proportions of the original 
mRNA population and then is used as a target in cDNA 
microarrays. This allows analysis of global gene 
expression profiles in samples from FNA throughout 
the natural history of a tumour and/or in response to 
treatment. In addition, this technique might be utilised 
on micro-dissection specimens in which a finite 
number of cells (< 1000) are obtainable. 

4. Assays of bulk cultures of peripheral 
lymphocytes 

Immunisation against various antigens in animal 
models and humans has been shown to produce 
expansion of TA-specific T-cell precursors in PBMC. 
Comparative analysis of pre- and post-vaccination 
PBMC cultures is used to demonstrate expansion of 
vaccine-specific T-cells. Detection of T-cell reactivity 
in bulk cultures often requires repeated exposure of 
the T-cell precursors in vitro to the TA relevant to the 
vaccine in combination with IL-2 or other cytokines. 
Although lymphocytes can produce several 
cytokines,' assays for detection of antigen-specific 
cells in bulk cultures are often designed to measure 
IFN-7 release upon antigenic stimulation or cytotox- 
icity of TA-bearing targets. By using these detection 
methods, successful immunisation to the MART-1 



peptide was first demonstrated [27]. Characterisation 
of CTL responses in bulk culture can be expanded to 
estimate the avidity of the CTL for the vaccine. 
Detection of CTL activity at low E:T ratios, or recogni- 
tion of peptide-pulsed target cells at veiy low 
concentrations of peptide, suggests that CTL have 
high avidity for the antigen-HLA complex [97]. 
Regardless of the methodology, the ultimate purpose 
of immune monitoring is to develop laboratory 
surrogate markers of clinical response. 

4.1 ELISPOT assays 

The ELISPOT assay was developed to provide quanti- 
tative evaluation of antigen-specific T-cell frequency 
[98]. Plates are coated with antibody to a specific 
cytokine. Target cells pulsed with peptide, or target 
tumour cells, are placed onto the plate, upon which 
the lymphocytes are added. Plates are incubated for 
approximately 24 - 48 b. Cytokines released by 
lymphocytes specific to the target will be captured by 
the prc-coated antibody and specifically detected by 
colourimetric assay. The cytokine spotted colonies 
are then counted and the total number of spots in 
plates loaded with the relevant target minus the spots 
formed in the plates with a non-relevant target is used 
to estimate the frequency of antigen-specific T-cells. 

The published experience using the ELISPOT to 
monitor T-cell responses to cancer antigens is still 
limited [99], ELISPOT assays conducted by Pass at al. 
in patients immunised with peptides derived from 
gplOO demonstrate that an 8 - 12 day in wirosensitisa- 
tion (TVS) with peptide and IL-2 was necessary to 
detect reactivity above background. After the IVS, 
peptide-reactive CTL could be detected in most 
patients immunised with die gplOO:209-217(210M) 
modified peptide or the native gpl00:209-217 peptide 
and in approximately 20% of patients immu nised with 
the gpl00:280-288 (288V) peptide. The frequency of 
CTL after the 8-12 day of IVS was in the range of 0. 1 - 
1%. When tumour was used as tire target in the 
ELISPOT, reactive CTL at a frequency of 0.1 - 1% were 
demonstrated in several patients immunised with the 
modified gplOO peptide. 

4.2 Limiting dilution assays 

The limiting dilution assay (LD A) was also designed to 
yield an estimate of T-cell precursor frequency in the 
circulation and therefore to be a relatively quantitative 
assay. Furthermore, as expansion of T-cells is integral 
to the conduct of this assay, it has the capacity for 
increased sensitivity compared with assays, such as 
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ELISPOT, intracellular cytokine and tetramer analysis. 
The number of 'negative' cultures per dilution of the 
starting lymphocyte population can be plotted and 
statistical methods can be employed to determine the 
frequency of the target antigen-specific lymphocytes 
in the undiluted lymphocyte population obtained 
from peripheral blood [100], Each culture per dilution 
is set up by adding feeder cells (usually irradiated 
PBMC) and then adding the antigen of interest (a 
peptide in many cases) or a tumour target. A parallel 
series of control cultures are established with irrele- 
vant targets. The lymphocytes are added at a 
predetermined E:T ratio along with IL-2. After 
allowing a sufficient period of time for the antigen- 
specific lymphocytes to proliferate, labelled target 
cells containing the antigen are added to the cultures 
to test for specificity of each colony. 

The results of the LDA depend on several variables 
including the type of cellular response that will be 
assayed, the target cells, the frequency of the antigen- 
specific cells in the starting population, the ability of 
those cells to expand in culture and the number of 
cultures established per dilution as well as the number 
of dilutions that are examined. Overall, the sensitivity 
of LDA appears to be superior to other assays that use 
a functional end point for detection of antigen- 
specific lymphocytes, with a range of 1/30,000 - 
1/100,000. Even under the most favourable circum- 
stances, however, measurement of lymphocyte 
responses with the LDA is labour-intensive and not 
practical for routine monitoring of cancer vaccine 

4.3 Intracellular cytokine production 

A more direct assay quantifies TA-specific T-cells on 
the basis of intracellular cytokine production. T-cell 
membrane permeability is increased by chemical 
means, which allows penetration and binding by 
antibodies specific to a cytokine, usually IFN-7. 
Multicolour flow cytometry' can then be used to 
quantify and separate subsets erf activated T-cells 
among a bulk PBMC population. The technique has 
not been fully developed nor used extensively to date 
in monitoring of cancer vaccine trials and is limited in 
overall by the sensitivity of flow cytometry [101]. 

4.4 Tetramer assays 

Another direct assay enumerates ex vivo T-cells 
containing TCR capable of binding to a relevant 
peptide-MHC complex. "When a lymphocyte TCR 
binds to only a single peptide-HLA complex with 
© Ashley Publications Lid. All rights reserved. 



relatively low affinity, it rapidly dissociates. However, 
when 2 - 4 HLA molecules are linked and the same 
peptide antigen is properly bound to the HLA 
molecules, the dissociation rate of is diminished 
1 ntially, allowing for identification and sorting of 
epitope-specific lymphocytes by FACS [9H The 
sensitivity of peptide-HLA tetramers in detecting 
TA-specific CTL is greater than other direct functional 
assays, since the detection of T-cells Is based primarily 
on the binding properties of the tetramer with the 
TCR. Indeed the only limit of detection is due to the 
sensitivity of the FACS instrument, which can reliably 
detect approximately 1/5000 - 1/10,000 cells (0.01 - 
0.02%). The peptide-HLA tetramers provide reliable 
and direct measurements of TA-specific T-cells 
directly on peripheral blood or tissue. One major 
drawback to tetramer analysis, however, is the 
requirement for a defined epitope. Since melanoma is 
the only tumour type in which immunodominant 
putative TA are known, this type of analysis has 
exciting yet narrow applicability. 

The published experience with tetramers to monitor 
CTL responses to cancer antigens remains limited 
[92,102]. Romero et al. demonstrated higher frequen- 
cies of MA RT- 1 /Mela n - A CTL in CD8+ lymphocytes 
obtained from melanoma-involved regional lymph 
nodes. Lee et al. employed tetramers to tyrosinase, 
MART-l:27-35 and gp!00:154-l62 peptides to stain 
PBMC from 11 vaccine-naive melanoma patients 
[1031. In four patients, MART-l-specific CTL were 
detected at a frequency of 0.014 - 0.16%, while 
tyrosinase-specific CTL were detected in two patients 
(0.19 and 2.2%). Based on a single patient analysis, 
these authors attempted to describe the status of 
activation of tumour reactive T-cells and concluded 
thai the reason, why cancer grows unaffected in 
humans is because T-cells that could potentially 
recognise tumour antigens are anergic. Such findings 
have been difficult to reproduce in studies when 
vaccine -induced T-cell reactivity was evaluated 
[101,104]. We used. g209-2M tetramers to measure 
PBMC frequencies of vaccine-induced T-cells in 
patients immunised with this peptide [101]. While 
increases in CTL frequency could be detected in most 
post-immunisation PBMC, the absolute number of 
TA-specific T-cells reached a maximum of 1.0 - 1.5% 
of CD8+ T-cells. Tetramer staining appeared to 
correlate with other functional studies including 
quantitative real-time PCR and intracellular FACS 
analysis assessment of IFN-y production in response 
to vaccine-related stimulation [104]. 
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Several assays have been developed for measuring 
vaccine-induced T-lymphocyte responses. While 
each has advantages and disadvantages, none can 
measure the full spectrum of possible lymphocyte 
responses. In addition, there are no universally 
accepted correlates at this time between any method 
of in vitro immune monitoring and clinical outcome. 
For these reasons, these assays must be considered 
research techniques rather than fully validated instru- 
ments that can be used routinely to guide the 
development of cancer vaccines in the clinic. 
Monitoring becomes increasingly more directed as the 
antigen in the vaccine becomes more defined and 
restricted. In general, T-cell responses to vaccination 
include cell activation, changes in expression of 
surface markers, proliferation, cytokine production 
and antigen-specific lysis of target cells. 

5. Functional analysis of TA-specific T-cells 
by gene expression 

We recently developed molecular methods to 
estimate the presence, or changes in frequency, of 
T-cells in peripheral blood or tumour that have the 
activation characteristics in response to antigen 
recognition. Following activation of a T-cell, the 
mRNA for several cytokines anc! other activation- 
induced genes increases within 2 - 4 h as detected by 
quantitative RT-PCR reactions. The absolute copy 
number of mRNA for a particular gene and the 
increase in message related to T-cell activation can be 
measured. A sample of PBMC exposed to peptide 
antigen for different periods of time to can be used to 
study the kinetics of T-cell activation. Quantitative 
PGR for various cytokine genes is performed at several 
time points following the completion of peptide 
incubation (95,1051. 

Among several genes, IFN-y appears to be the most 
sensitive for detecting activation of MHC class 
I-restricted CD8+ T-cells. The sensitivity of die assay, 
determined by spiking titrated amounts of cloned CTL 
to PBMC, can detect as few as one TA-specific T-cell 
among 50,000 PBMC. Based on preliminary studies of 
patients immunised with the g209-2M peptide, we 
believe that the sensitivity of quantitative PGR is 
below that pf bulk in vitro culture of PBMC. Neverthe- 
less the sensitivity of PGR may be sufficient for the 
purpose of detecting clinically relevant immune 
responses and the technique is substantially less 
labour-intensive, in addition, it may also be possible 



to assess the avidity of the T-cell response by varying 
the concentration of peptide used to stimulate the 
T-cells. 

6. In vivo biologic measures of T-lymphocyte 
responses 

Regardless of the source of TA or method of io_r«jni- 
sation, induction of an effective T-lymphocyte 
response against tumour should result in tumour 
infiltration by T-cells and other inflammatory effector 
cells drawn to the site by antigen-specific responses. 
Therefore, a direct method of monitoring vaccine 
efficacy is to obtain pre- and post-immunisation 
samples of tumour and assess the tumour inflamma- 
tory response. Optimally, the monitoring of T-cell 
responses within a tumour in response to a particular 
cancer vaccine would include assessment of the 
change in number of TA-specific cells, their activation 
state and functional properties. However, techniques 
capable of monitoring all aspects of the T-cell 
response are not yet available and the serial tumour 
biopsies necessary for these laboratory studies and 
full histologic examination are difficult to obtain, 
particularly in patients that have poorly accessible 
metastatic disease. 

To address these concerns, we have adapted quantita- 
tive real time PGR to serially measure absolute 
amounts of RNA messages for genes expressed within 
samples of tumour obtained by FNA. While not able to 
ascribe changes to a particular group of antigen- 
specific T-cells, this technique can theoretically 
provide important information on changes in the 
overall amount of T-cell infiltration as well as the 
activation state and function of those cells. More 
importantly, the technique has the capacity to quanti- 
tatively measure biologic functions that are activated 
as part of a presumed final common pathway for 
antigen-specific T-cell mediated antttumour response. 
Preliminary experiments were conducted retrospec- 
tively on patients that had received g209-2M peptide 
vaccine [95]. In eight out of nine patients, 
post-treatment tumour samples revealed at least a 
2-fold increase in copies of IFN-y message; further- 
more, the increase in [FN-y mRNA correlated, strongly 
to pre-vaccination tumour expression of gplOO. Of 
substantial interest was the observation that none of 
the sampled lesions had shown evidence of objective 
response, suggesting that the immune response was 
insufficient to mediate tumour regression. The PCR 
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assay is currently being expanded to measure RNA 
message for other relevant genes, IL-2 for example. 



7. Summary 



The identification, of TA has raised interest in the 
induction of specific activation and TA recognition by 
antigen-specific CTL. However, systemic T-cell 
responses to the vaccines often do not lead to 
objective clinical tumour regression. Among the 
questions raised by this paradoxical observation 
stands the enigma of whether tumour resistance to 
immunotherapy is due to insufficient immune 
response [106] or because tumour cells rapidly adapt 
to immune pressure by switching into less immuno- 
genic phenotypes [651. Of note, however, the vast 
majority of clinical trials were performed under less 
than optimal circumstances and often in patients with 
significantly advanced cancer. Furthermore, random- 
ised Phase ill trials with suitable control arms are only 
in the early stages. Despite the disappointment with 
epitope-specific vaccines, they have provided the 
unique opportunity of relating systemic T-cell 
responses with their localisation and status of activa- 
tion in the target organ, tt is likely that, in the future, 
combined analyses of systemic and intra-tumoural 
immune responses with new technologies described 
in this review will allow a more potent understanding 
of the algorithm governing tumour rejection by the 
immune system and lead to better vaccines with 
improved clinical responses. 
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Abstract. In art attempt to increase the predictability of precli- 
nical antitumor testing, the value of human tumor lines in 
immune^ deficient nude mice is assessed by reviewing the 
relevant literature. This test model is rather elaborate due to the 
nature of the animal tat well as test and evaluation procedure. 
However, it represents a. realistic simulation Of clinical drug 
treatment. This is demonstrated by (a) a good correlation of 
druSLfiffecis. in.jhejmde^mouse F with dinkal_results^ in the 
donating p atient's tumor and (bl by a good predictability Ofj l 
pane l of,hu mmt_tt mor ftit es MccHni ceff? effective drugs. In 
'outer to avoid clinical trials with inactive drugs and no 
therapeutic benefit for a large number of patients, the applica- 
tion of human tumor xenografts, in anticancer drug develop- 
ment is. warranted. \ 



The development of new drugs for the treatment of cancer is 
a stepwise process leading from the- isolation or the synthesis 
of a product to its general use in medical practice (figure 1), 
Natural or synthetic products are taken through the various 
stages in order to evaluate whether they can improve the 
treatment results of malignant disease. 

At , the screening level, a product is Systematically investr- 



Abbreviations: BCNU = l-3-bis-(2-chtoroethyl)-] 
CCNU =• l.(2-chioroethyl)-3-cyclohexyl-l-nStrosourea.i,CDDP = 
cixplatin; CTX = cyclophosphamide; CR = complete response.; 
DTIC = dacarbazme; DXR - doxorubicin; 5-FU = 5-fluoroura- 
cil; GD = growth delay; HMM = hexamethylmelamine; MeCC- 
NU = methyl CCNU; MTW TIC % - mean tumor weight 
inhibition in % treated / control; MTX = methotrexate; NSCLC 
= non*small cell lung carcinoma; PR = partial response (> 50% 
tumor volume reduction); SCtC - small cell lung carcinoma; 
SGD = specific growth delay; STS = soft tissue sarcoma; VCR ~. 
vincristine. 
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gated for activity in a series of test models with a proven or 
presumed predictability for therapeutic" effects in cancer 
Generally only a very small proportion of the products 
investigated will fulfill the pte-se; criteria for activity at the 
screening stage, A drug with presumed anticancer activity has 
to be produced on a large scale, and an acceptable formula- 
tion for clinical application has to be developed. The new 
drug must be evaluated for possible side effects at the 
toxicology stage. "VVhen there is" a favourable balance between 
therapeutic and toxic effects the drug may enter clinical trials. 

A new drug with potential activity against cancer will enter 
phase I clinical trials. These studies have been set up to 
determine the maximum tolerated dose that can be given to 
patients without unacceptable side effects and the type of 
dose - limiting toxicity for a given treatment schedule. 
Generally phase I studies are relatively short-iasting (0,5 - 1 
year) and require a limited number of.pauents (20 « 100), On 
the basis of these results, phase II, studies are initiated in 
order to assess the activity of the new drug on a variety of 
tumor types - its clinical antitumor profile:. Usually 14 - 20 
fully evaluable patients must be included for each tumor type. 
Only if significant activity is observed phase III studies may 
be performed to compare the effects of the new drug with 
those of established drugs in responsive tumor types. Phase II 
and III studies are generally long - lasting and involve a large 
number of patients.. The new drug may be introduced into 
general practice when favourable treatment effects or re- 
duced toxicity have been demonstrated compared to conven- 
tional anticancer drugs. After each step of anticancer drug 
development, a decision must be taken as to whether the 
product is suitable to proceed to the next step. 

Unfortunately, many hew drugs developed over the past 
years appeared to be active in only a few tumor types or were 
totally inactive. Thus a large proportion of phase II: trials 
concluded with a negative result. One would prefer to select 
tumor types for phase II studies on the basis of a preclinical 
antitumor profile. If a preclinical screening method which 
could reliably predict the activity of a new drug in a particular 
tumor type were available, this would enable a more rational 
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selection of tumor types for phase D studies In addition, the 
number of patients treated with inactive agents might also be 
reduced. 

In this paper we shall analyse the screening step presently 
in use for anticancer drug development. In an- afierilp'f to 
increase the predictability of 'antitumor testing, we propose 
the wide application of human tumor lines in immune- 
deficient nude mice. The biology of the nude mouse will be 
described and the establishment and the behaviour of human 
tumors transplanted m these animals will be reviewed The: 
value of human tumor lines for chemotherapy purposes will 
be anaivsed by assessing their predictability for bom :r.e 
individual patient's response and the responsiveness of <mep- 
fic tumor types. Finally, the advantages and drawbacks of this- 
novel approach in the screening of drags will be presented, 
aiming at a better prediction of sensitive: tumor fy^es in "base 
II clinical trials- 
Screening in new drug development 

The purpose of screening is twofold: to select active agents 
from, a set of products and to determine the profile of- activity 
of these drugs. 

The selection of. active drugs from a usually large number 
of products is frequently done by means of relatively simple 
test models and often using only one model: the primary 
screen or prescreen. Drugs shown by the primary screen to be 
active are then subjected to further screening and profiling in 
a secondary screen, mostly consisting of a series or a panel of 
more sophisticated test models. Different dose schedules and 
routes of administration may also be included here. After 



completion of the screening, step one can distinguish between 
those compounds that meet the activity criteria of the total 
screen (positives) and those thai do not meet these criteria 
(negatives), 

A further subdivision can be made after clinical evalua- 
tion; 

- True positives: actives in the screening stage for which 
clinical activity is proven- 

- False positives: actives in the screening stags which do not 
have any clinical activity.; 

- True negatives: inactives in the screening stage which do 
not have any clinical activity, 

- False negatives: inactives in the screening: stage for which 
clinical activity is proven. 

The incidence of true negatives' and false: negatives is often 
not well known, as negative-: agents will not be evaluated 
clinically unless there are other data, e.g.. from test models, 
not incorporated in the screen,- which lead to a '•by-passing'* 
of the screen. Drugs that proved inactive in the clinic are,, 
however, very useful for validating new screeningmethods!- 
These new methods should indicate false positives from 
previous screening models to be negatives. 

The choice of the primary screening model is critical for 
the final outcome of drug development The need to test 
large numbers of compound's in the primary screen has 
favoured the use of relatively fast, simple and cheap models 
such as in vitro techniques. In vitro methods cl earl v increase 
the risk of false- positives {e.g. metabolically unstable drugs) 
and false negatives (e,g agents requiring" bioactivation in 
vivo). The bias of a primary screen should always "be taken 
into account and certain shortcomings' may be compensated 
for by the design of the subsequent secondary screen. 

The definition of criteria for distinguishing between actives 
and inactives is another critical issue involved in primary 
screening. These criteria should be closely related to the 
desired therapeutic effect in the clinic. Testing of a repre- 
sentative set of clinically active and inactive drugs in the 
primary screen could help in the establishment of a meaning- 
ful cut-off level of activity. 

The number of compounds in the secondary screen will be 
only a fraction of those in the primary screen, and therefore 
more elaborate test models can be employed. Such models 
may provide a more realistic representation of the clinical 
situation. Defining stringent criteria for activity in the secon- 
dary screen may render it easier to predict a compound's 
clinical efficacy. 

Screening for new anticancer drugs 

in 1955 the American National Cancer Institute (NCI) 
started an acquisition and screening program in the search for 
new anticancer drugs. Since then, the NCI has become the 
largest single institution involved in the discovery and de- 
velopment of such drugs. The NCI program underwent major 
modifications in 1975 as a result of the experience gained in 
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the -receding years. From 1975 to 1985 the NCI acquisition 
and screening program has been, as follows 1 Each year, the 
NCI acquired 20,000 - 40,000 new synthetic compounds, 
fermentation and natural products from Industries, universi- 
ties and other institutes, both m the USA and abroad. Before 
compounds entered the screening stage, preselection took 
place based upon a computer rating of structure novelty, 
presumed activity in the presereen and a structure-activity 
analysis (1, 2). The 10,000 - 20,000 products finally selected 
for screening were entered info the presereen, the P388 
murine lymphocytic leukemia grown in normal mice. Actives 
from the P388 test system proceeded into a standard tumor 
panel, consisting of murine tumors and human tumor xeno- 
grafts (2-4). New products lacking even minimal activity in 
the P388 presereen were usually rejected for further testing in 
the panel, unless they showed activity in other relevant 
biologic or biochemical test systems ("bypass" compounds) 
The flow of compounds through the NCI standard screen is 
depicted in figure 2 arid the tumor models employed are 
characterized tn Table I. 

The P388 murine leukemia was chosen as the primary 
screen because it Was found to be the single most sensitive 
test detecting a large number of clinically known anticancer 
drugs (4). Compared to screening: during, the preceding years, 
two new aspects Were incorporated into the NCI tumor panel 
in 1975. Two murine solid tumors (colon cancer 38 and 
mammary tumor CDSF1) grown subcuianeously were added,, 
because it seemed probable that these would predict drug 
responses in solid tumors in man (5, 6). Three human tumor 
lines (breast cancer MX-1, lung cancer LX-1, colon cancer 
CX-1) were: also added and used as subcutaneous transplants 
m nude mice. These tumor models were expected to predict 
tDi clinical activity of drugs in the three most frequent tumor 



types. In the past few years these, lines have been employed 
mainly in short-term assays using tumor transplants under the 
renal capsule of immune-deficient: mice (7). 

In spite of these changes, clinical evaluation of new drugs 
showed that the NCI standard screen has continued to result 
in a low level of prediction (8) and has definedonly a. few new 
anticancer drugs. It can be concluded that: 

- most of the clinically effective anticancer drags were active 
against selected tumor types, mainly leukemias and lym- 
phomas; 

- many false positive compounds have emerged and were 
evaluated in numerous clinical trials; many patients received 
"treatment" with inactive agents.. 

The extent to which the standard screen has yielded false 
negatives can of course only be answered partially. 2'-Deoxy- 
coformycin (NSC 218321) is devoid of antitumor activity in 
the NCI standard screen but has shown significant efficacy in 
clinical practice (9, 10) 

Several explanations may account for the low level of 
prediction by this standard screen: 

- The choice of the presereen mode! P388, a murine 
leukemia with a short tumor doubling time, may have sup- 
ported the selection of new drugs in a disease-oriented 
fashion. 

The addition of murine solid tumors to the panel does 
not seem to have significantly improved the yield of this 
screening. In this respect ft should be mentioned that che- 
motherapy experiments in murine tumor models are marked- 
ly different from the clinical situation. There are differences 
in tumor doubling time, tumor burden at the start of treat- 
ment, the applied drug, dose and the methods of evaluation of 
tumor response between mice and man (11, 12), Also, 
incorporation of the three human' tumor lines has not greatly 
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improved the; predictive value of the Standard screen. It 
should be taken into account that CX-1 and LX-1 are Sines 
from tumor types which are clinically unresponsive to che- 
motherapy. This is exemplified by their tow chemosensitivity 
to standard chemotherapeutics in the subcutaneous assay, 
0/20 for CX-1 and 1/20 for LX-1 (7), 

There is- obviously a great need for better, more predictive 
experimental test models for anticancer drugs,- Since 1985 the 
NCI has largely reduced its screening efforts in the standard 
screen and has concentrated on the development of a new 
disease-on ented screening system in vitro, which aims at 
employing a panel of in vitro human tumor cell lines per 
tumor type as a primary screen (13). Another novel, thus far 
very promising, approach m the screening of new anticancer 
drugs is the use of human tumor lines in nude mice^ which will 
be discussed in the following sections. 

The nude mouse 

Immune^deficienf mice have been used increasingly in cancer 
research over the past years, Both genetically immune- 
deficient mice and artificially immune-deprived mice have 
been described. Normal mice with artificially induced im- 
mune deficiency, (e.g. by combined treatment of 
thymectomy, cytosine arabinoside f.p. followed by whole- 
body irradiation),, will not be- discussed here. These mice 
generally have an unstable immune response and recover the 
ability to reject foreign tissue within a few months following 
this procedure (14). 



The nude mouse is a hairless -mutant, first described in 1962 
(15). This mouse appears to be homozygous for an autosomal 
recessive gene, genetic, symbol nu (16). The animals are- 
genelically immune -deficient:, because they lack a- ni 
thymus. The- mice- therefore have a low number « 
lymphocytes but they have a well-developed B-lymphocyte 
•system ( 17-19), The ammats show impaired growth and a low 
iertslity. Without proper precautions they usually die from 
infections Defore four months of age, The reduced cell- 
medtated immune reaction accounts for an enhanced sensitiv- 
ity to viral infections, particular] v. by the •marine: hepatitis 
virus and the Sendai virus (18, 20, 21). importantly, the 
deficiency in are celi-mediated immune response in riiidf? 
mice is extremely- useful for experiments with foreign tissue 
transplants, such as human tumor tissue (22, 23). However, 
viral and also bacterial infections not only affect the general 
condition of the nude mouse but also the growth of the 
transplanted human tumor. The reason tor this growth inhibi- 
tion or even tissue rejection may be the continuous activation 
of the residua! immune system of the- animals, causing an 
increase in both natural-killer cell activity and number of 
activated macrophages (24-27). 

The use of nude mice in experimental cancer research 
requires special facilities and weil-4i'ained technicians. De- 
tailed guidelines have been issued by the "Committee on care 
and use of the nude mouse in. biomedical research" (28). 
These facilities include maintenance ;n isolation from normal 
animals, filtering of air, a high ambient temperature and 
humidity, sterilisation of cages, bedding, rood and water, and 
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Table II-: Growth of human lumor types transplanted siibcuiaheously info nude mice. 



Tumor type 



Gaslnc cancer 
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Melanoma 

Melanoma (eye) 

Lung cancer 

Lung cancer (NSCLC) 

Lung cancer 

Liing cancer 

Lung cancer (SCLCj 

Lung cancer (SCLCj 

Head and neck cancer 

Head and neck cancer 

Kidney cancer 

Wiim's tumor 
Wilrti's tumor 
Lower urinary tract 
Primitive germ cell 

Brcfiit cancer 

Breast cancer 
Ovarian cancer 
Ovarian cancer 
Ovarian cancer 
Ovarian: cancer 
Sarcoma 
Sarcoma 
Saitoma (STS) 
Sarcoma (bone) 
Neuroblastoma; 
Lymphoid cancers 
Unknown primary 
Various cancers 
Various cancers 



Inoculation 
procedure" 



fragments 

fragments 
fragments 
suspension 
fragments 
suspension 
fragments 
suspension 
fragments 
fragments 
suspension 
fragments 
suspension 
fragments 
suspension 
fragments 
suspension 
fragments 

fragments 
fragments 
suspension 
Suspension: 
suspension, 
suspension 



fragments 
suspension 
suspension 
fragments 
fragments 
fragments 
fragments 
fragments 
suspension 
suspension 
fragments 
suspension 
suspension 
suspension 



a; Fragments are small pieces of solid i 
transcutaneously. 
b: Take rale arid serial transfer as percentage of attempts, 
c: Percentages indicate the success of " " 
d : n.s.: nai stated. 



implanted: through a skin in 



the use of sterile attire by personnel handling the animals. If Human tumor lines 
the mice can be maintained under specific pathogen-free 

conditions, a life span of normal mice (approximately 2 years) This paper will be confined to the use of human tumor lines as 

can be reached (28), subcutaneous xenografts in nude mice. Other sites of tmplan- 
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Nitron, especially under the kidnev capsule, have heen fre- 
quently emploved in drug testing (29), This subrenal capsule 
assay can he performed both in normal immune-competent 
mice (mi -"i ms well as in: nude mice (34). A ma|or disadvan- 
tage of this method is- the difficulty in ohservm" the growth ol 
the miplafiicd tumor fragment during the course ol. the assay., 
which thus reduces its attractiveness for chemotherapy ex< 
pertments. Further limitations are the tissue rc|cction pre- 
ceded bv infiltration of mononuclear cel!s- il normal mice are 
berna used v'l"- v.! Experience with chemotherapv in the 
subrenal capsule assa\ performed in immune-deficienl mice-, 
including nude mice, is stilf limited (M). 

A / t h(h)"\ Sir p f i rst su ll s il i sp] a n tin < f hi 
nan vj. io i <~anc r f is le n c th" n rt n la e \.) nan 
them fc to rev hunan (uto^ subc i' ico s\ (s i } n 
hese m s Aw xx i rtpu-teo O u: aii < c rrplan s.d 
Lmi' f agmer v ^ep i cepled h p Mi eratne i<xiul 
can be exciseo and transplanted into the next series oi 
recipients, bv repeated serial iransier a tumor line mav be 
~s b l h=d tii *= neu. s t) i > "er to ensure its cont nu jus 
use: in a iontj-term research program, sucfl as the develoD- 
ment or new drues, 

bpecsmens ot primary tumors or metastases are obtained 
( 1 sur^c v "r ci^encs r bioz \ 'he e Tm p are (ran ierre 
to a ut tie trtdr n v *f 4a^k^ b >arced s a! o'Ltie^jan 
rapidly processed m trie laboratory. Tumor fragments of 2 to 

m d ime er or a tumor is e n-cs o~i are m-^krie 
«Lt"Lt<. eiuh n thetldj k^ofthe^ni-i K If trcxem c raf i 
uiniCLtcd the my cell t irt to p o ! ife at° nd nodile 
wth become pabable after a latency period of one to several 
weed's- Propressive growth to at least 5t) mm'' is recorded as a 
alv Large n dules n\ he u "d f > ria 'rars'e A s 
illustrates" in Table U. the initial take rate ana the senat 
transDiantabintymav vary consideraolv. This variability can 
be parnaliv explained: bv differences between tumor types. 
Examples of easily transplantable tumors are colorectal can- 
cer. 'melanoma, sarcoma and Iutie: cancer, wnile breast can- 
cer, ovarian cancer, and cancer of the head and neck region 
aredi cut tPMiin C m '-e Other vmnab'e lu* ci g 
the take rate of tissue transplants are factors re.atecl to the 
host' its. eeneral condition is the most important. of these, Sn 
contra t c tuncf m p^tse fc una ta es of f- n n tumor 
xenografts are rarely found in nude: mice ^3). 

Characterization. Once a human tumor line has been estab- 
lished., it should be monitored frequently to guarantee the 
retention of original characteristics such as macroscopic 
growth characteristics expressed by the latency period and 
the tumor volume douhlmg time.- Both parameters lend to 
decrease during the first few serial passages, as has been 
demonstrated for a variety of lines derived from head-arid- 
neck cancer (56). breast cancer (57). melanoma (58). pediat- 
ric tumors (49, 50) . colorectal cancer (59) and gastrointestinal 
cancer (60). After the third or fourth serial passage in the 



ni st a tun o ire u i\ m ntairs i c n i te t d Lbl i 
time. 

stol jg c 1 nd mriurnh 5 xf t r ctlchi ict ization ol 
1 e Atn in "-s t e entn in o 3er to °m ~i tc i 
id n U v,nl )'a c i. n lLntv t ^ r <* r il tu-i r ssu 
E» nn nm sho il< bi. rqie i cd re i I K in n retfn 
i i ii sc Ji r c =ri c ttcrnoi b is u K ° p id n i 
nin ih (f the tc Is id ,R f dff c ti U r ( J 

) a tiicnu pxprpssu i 1 tuno i I -> m Itiifiltrtn 
i\ ir us nr r i i v rd -ther se^ ;hl c ent (3d. alj. 
ImTn lo i a c u-'rs nclud ot <. K v. i^S\si if 1 nc 
markers- (human chorionic gonadotropin, caranoembryonic 
antineni [4y. (hi)., out aiso tne -presence or tumor ceil .specinc 
i lis ffi.,1 dc ^c ^d by mnrJira iriibt H iL 

n n.r-h^m 1 d ir i e iz^ it li c<. he based 

upon general parameters such as DN A content, enromosome 
adse |io fii is^ ni\ hp { nt a( H (A 64i,orupon 
soearic features of the tumor line sucfi as the presence of 
hormone receptors (6:0, cellular enzvme profile (66) and 
seroioojcaf detection of tumor mamers. 

Testing tor cbemotherapeutic sensttivirv to particular 
drups is a methoo frequently employed to characterize the 
t *io i es n reh u l the p^ti^n tun r i "= c ^vii us 
1 thermit pat e i sfmldl c le an d f tl ctu mil I e 
are to be used continuously tor new drug oevelopment. 

Ti i n. n\^n reT-L-U arc p^r, e s 

Subcutaneous xenoararts otter a gooa visualization of tumor 
prowth. and periodic tumor measurements can be earned out 
e s Is ii to Ii v. \oh m" •^tOj.rc.s ot i r r- rc sicp D a ietcr c 
"* mea u f" * tb slide i S p a is ^nd -^sul c enressed s " 
ne? re of iz# fp'id ct o wo -"fp* <* cu ar n te 
Li9), tumor weieht (1/2 x ienerh x widtn") (7>-or tumor 
volume (1m-x n x mean tumor diameter or lu- X lensth x 
wsdtri x neight) (07-69). 

^t the tine o f p^ugrf 1 n< e i n^n no ha\c 
reached a diameter oi aoont 5 mm, cnemothe-rapv experi- 
ments are started m randomized groups of 2-10 amma!s t 
Drugs are usually injected up., but in some-mstanccs the i.y- 
or s.c. route has been used. Drug doses and scheduses vary 
considerably between institutes because of differences- in 
maximum tolerated doses Between mouse strains or oecatise 
or different experimental approaches- For example,, a tieai- 
merit, schedule rrsav be- chosen in- which a single LD 10 dose is 
emplo ed 1 4) o lo \ei dose c may be dmni fered rp 
peatedlv (pi. 69), Especially in slow ^rowme tumor lines-.- 
frequent injections are preferred: in an attempt to mimic the 
chnicai situation. 

Ha> mrifUCi f Cr.£ t^atnen a e u t ?lh < biaired 
within ^ to 4 weeks of treatment.. Regarding tumor size 
cnlfiulat'itftts. tne- effects are classified as remission (-product Oi 
iw CLrr^ e 5(!^ cf ins a Wl*! n imrv rtgressiot 
( i^s) no i/ian^c '"o ]24"f) t pne - c on P r ) 
hJl limn ve 'M' ne i u -i he ntai turner veirjh 1 
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, Table fff. Dime! c 
Tumor lypo 



•parison of drug effect, 



Niimiu'.t of 



SGD>2 
SGD>2 
SGD>2 
MTW T/C':; 



PR+CR 
PR + CR 
PR+GR 



77 



Mel; 



Total 

At Comparison nude mousc/patiefU. 
b: Tumor lines in artificially immui 
R -~- Clinical response (CR+PR) o 
=■ Cimical progression or does n 



PR+CR. 
PR+CR 
PR+CR 
GD>2 



are calculated for each day of measurement and are expres- 
sed as the mean tumor weight change (MTW) of treated (T) 
over control (C) tumors multiplied by 100, T/C % (7). An 
optimum T/C of < 20% is considered necessary to demons- 
trate moderate sensitivity to a drug. A reproducible T/C < 
U)% is considered significant sensitivity. Institutes employing 
tumor volume measurements may express their chemother- 
apy effects either in specific growth delay (14, 67 , 68) or in 
tumor growth inhibition (69). The usual procedure used to 
measure growth delay is to calculate the time taken for the 
treated (TT) and control, tumors (TC) to reach a chosen 
volume. The difference (IT - TC) equals the actual tumor 
growth delay. Because tumor types may differ widely in 
growth rate, the actual tumor growth delay is related to the 
tumor doubling time. The resulting specific growth delay 
could also be described: as the number of volume doubling : 
times by which growth is delayed. If results are expressed as 
tumor growth Inhibition, at each evaluation day volumes are 
calculated in relation to the initial tumor volume, The 
optimal ratio of the mean relative tumor volume in treated 
mice (T) over that in control mice (C) multiplied by 100 will 
result in the maximal percentage growth inhibition (100% - 
T/C %) to be obtained by the drug. Activity criteria for both 
specific growth delay and tumor growth inhibition have not 
yet been standardized. 

Predictive value for the individual patient 

An essential requirement for the validation of human tumor 
lines in anticancer drug development is a positive correlation 



of drug effects in the nude mouse with clinical results in the 
donating patient's tumor. Several comparative studies have 
been published although for a number of reasons these are 
difficult to perform: the patient may not have been treated 
with chemotherapy, may have received combination che- 
motherapy at a schedule difficult to apply in mice or may riot 
have had a measurable tumor lesion to assess treatment 
response. 

From literature reports on Chemotherapy studies in: human 
tumor xenografts grown s.c, we have found 117 direct 
comparisons between laboratory data and patients' treat- 
ment. The tumors originated from 77 patients (Table III). 
Treatment comparisons of refs. 59 and 70 (19 patients) were 
performed with transplants in artificially immune-deprived 
mice using specific growth, delay as a measure of activity (14). 
For all other comparisons between the experimental model 
and the patient, experiments were carried out in the nude 
mouse. Antitumor effects were expressed, as mean mhibiikjn 
of, tumor weight/volume, as partial/complete response or as 
growth delay (Table ill). 

In 31/33 treatment comparisons the mouse xenograft: mod- 
el predicted well for clinical response, and in 79/84 for clinical 
resistance to drug treatment. Unfortunately, most of these 
positive correlations are based upon results obtained in 
clinically unresponsive tumor types {i.e. melanoma,, colorec- 
tal cancer). In view of. the above, clinical oncologists would 
obviously prefer to select the optimal treatment for the 
individual patient in the laboratory. Multiple limitations of 
human tumor lines preclude such a routine approach. The 
major limitations have already been discussed:: a low take 



' »""' "' c!in,c (from rcf, 14) 

Average specific Clihii 




rate of take of certain tumor types the time delay due to 
serial transfer and the high costs involved. 

Prediction til antitumor activity in a specific tumor type 

Another posibility to validate: the role of human tumor lines 
in anticancer drug development is- to assess whether xeno- 
grafts of a certain tumor type will select the clinically relevant 
drugs for that tumor type and reject drugs without activity.. 

Iri view of the variability in antitumor response to standard 
treatment between patients with the same tumor type, the use 
of a panel, of lines of the same tumor type is mandatory when 
evaluating the effect of a drug. As a result, of this diversity 
Bellet ef al (74) proposed already in 1979 to use human tumor 
lines of at least 14 patients with the same, tumor type as a 
secondary screen for new compounds: "It lias been our 
clinical experience that no single patient's response to syste- 
mic chemotherapy will be the same as all patients having the 
same type of cancer... We believe that it is unreasonable to 
expect one patient's tumor to be representative of all pa- 
tients' tumors of the same histologic variety". This opinion is 
supported by the chemotherapy responses reported from the 
MX-i human tumor xenograft . Since 1975 the MX-1 xeno- 
graft has been: employed in the NCI tumor panel in secondary 
screening,, after the line had been established from a patient 
with a poorly differentiated infiltrating duct cell carcinoma of 
the breast. Evaluation of the sensitivity of the MX-1 as an s.c. 
implanted xenograft revealed that cisplatin was effective., 
whereas doxorubicin, 5-f!uorouracil (5-FU) and methotre- 
xate (MTX), all known for their clinical activity in advanced 
breast cancer, were ineffective (7). 

In a review of data generated at his institute,. Steel 
reported that human tumor lines roughly maintain the same 
chemosensrtivity pattern as would: be expected from clinical 
results (14). Using three single drugs clinically active in a 
specific tumor type, the average specific growth delay 
achieved in a series of lines of that tumor type correlated well 
with the clinical complete response rate (Table IV). 

In order to assess the predictability of a panel of human 
tumor lines of a specific tumor type for clinically effective 
drugs, we shall analyze publications dealing with this subject. 



Melanoma. Melanoma i 



i tumor type for which standard 



chemotherapy is not available. Dacarbazine (Df IC) appears 
to be the best clinically active drug but response rates have- 
been low (PR + CR less than 7Q%). Chemotherapy studies in- 
human melanoma xenografts were first published in i 975 
(75). More reports on the activity of drugs in melanoma lines 
have followed (68, 73, 76). Several drugs showed activity in a 
variable number of lines. The extent of preclinical activity 
observed can hardly be correlated to the clinical efficacy of 
these drugs (procarbazine, DTIC, MeCCNU. cisplatin,. ifos- 
famide. mitomycin C, and doxorubicin). 

Colorectal cancer. Colorectal cancer, tike melanoma, is a 
tumor type in which no good standard treatment is known. 
5-FU is the most effective drug with a clinical response rate of 
about 20%. This unresponsiveness is reflected by chemother- 
apy trials in the nude mouse (59, 60, 77-79). Surprisingly two 
analogs of doxorubicin were found to be promising agens in 
this tumor type in nude mice (77). Of these., deoxydoxorubi- 
cin was evaluated in clinical practice but did not show- 
significant activity in Colorectal cancer. Besides 5-FU, other 
drugs have also been designated by colon cancer lines, as 
active such as MeCCNU, BCNU, chJorozotocm, mitomycin 
C, cyclophosphamide. However, activity of a particular drug 
was often based on efficacy in one of a series of colon cancer 
hnes. 



Lung cancer. Chemotherapy experiments in a panel of hu- 
man Sung: cancer lines are still limited. 

SCLC a number of drugs is known to be active in small 
cell lung cancer (SCLC), such- as doxorubicin, etoposide, 
cyclophosphamide, cisplatin,. Shorthouse ct al showed that 
human tumor lines of this tumor type were- sensitive to these 
drugs (80). In their experiments, procarbazine was also- 
indicated to be active, which could not be confirmed in a 
phase !I clinical trial in SCLC patients (81), 

NSCLC: drugs with a low activity in non-small cell lung 
cancer (NSCLC) are cisplatin, vindesine and etoposide, but 
these cannot be considered standard chemotherapy. In five 
NSCLC lines cyclophosphamide and CCN'tj incidentally 
showed activity in one line each, while a number of other 
drugs were inactive (80),. Doxorubicin had to be considered 
ineffective, in two NSCLC lines studied by Giuliani et al (76) 
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Ovarian cancer. Standard single agents in ovarian cancer are 
cispiatin and alkylating" drugs' (cyclophosphamide, melpha- 
Ian), while activity has also been shown for doxorubicin and 
hexametbylffielairiine. 

Chemotherapy studies in 10 human ovarian cancer lines 
differing in histological subtype and tumor doubling time 
'•-•arty indicated a difference in sensitivity to each of six drugs 
i '1 able V) (82). This panel of 10 tumor lines appeared to 
select the clinically relevant drugs. The number of lines in 
which over 75% growth inhibition could be achieved was 
3/10. for cyclophosphamide, 4/10 for doxorubicin, 4/10 for 
cispiatin and 5/10 for hexamethylmelamine, MTX and 5-FU 
lacked effects' on the panel and are known to be irrelevant 
drugs for ovarian cancer in the clinical situation. 

Head arid neck cancer, Cispiatin, 'MTX, bleomycin and 5-FU 
dre considered to be the most active single drugs in head and 
neck squamous creancer. Reports' on chemotherapy experi- 
ments m tumor h'nesfof this malignancy are limited, In a study 
of Isnes aspiattn and bleomycin appeared to be the most 
derive (S3). However, no major growth delay was observed in 
1*> imes treated with MTX (84} 

Breast cancer.- In breast cancer a series of drugs are known to 
be active: doxorubicin, MTX, 5-FU, cyclophosphamide, 
mitomycin C. Breast cancer belongs to those malignancies 
that are difficult to establish as humatt tumor lines. The 
human tumor line MX-1 has been used by other investigators 
(85,. 86) who confirmed its sensitivity pattern as has been 
reported earlier by Ovejera and Houchens (7). Unfortu- 
nately, this tumor line is not sensitive to doxorubicih,whi]e 
cispiatin exerts major tumor growth Inhibition. A number of 
breast cancer lines have been applied for chemotherapy 
testing. In the studies reported by Bailey a al (87), the best 
results were obtained in five lines (grown in artificially 
immune-suppressed mice) with melphaian, or a combination 
of CMP (CTX. MTX, 5-FU) or DV (DXR + VCR) (Table 
v I)v Individual sensitivity to drugs in these- lines varied 
t - --illy. Three other lines were found to be sensitive to 



Tabic VI. Specific growth 
lines {from rcf, 87). 




mothtrapy ,„ 












No. 




Drug 


m 


100 KM 


105 


106 


Melphaian 


2.7 


2,1 2.2 


1-9 




DXR 


4.1 


3,1 0.5 


1.2 


0^6 


CTX 


3.2 


1.7 1.1. 


15 


0,9 


5.FU 


2,2 


2:5 0.8 


2.4 


0.5 


VCR 


2.5 


T-2. 0.-7 


O.-j 


0.4 


MTX 


1.0 


0.5 0:6 


0,5 


0"2 


CTX + MTX+5-FU 


4.9 


3,1 1.5 


2 S 


1.5 


DXR+VCR. 




3.8 o.a 


1.5 


10 



doxorubicin (76). Except for MX-1, studies of agents inactive 
m breast cancer in clinical practice have yet to be carried out 
in xenografts of this tumor type. , 

Limitations of the xenograft, model 

Human tumor lines grown s.c. in nude mice have their 
disadvantages as compared to the use of murine tumor 
models. The major limitations are the high costs involved in 
the breeding and maintenance of the animals. Laboratory 
facilities should be specific-pathogen free, while the person- 
nel has to be well trained to ensure high quality experiments. 
A practical problem, is the extensive time needed to establish 
and characterize a human tumor line which precludes its use- 
as a predictive model for the individual patient. Chemother- 
apy experiments may take two to three months which limits 
the number of drugs that can be studied. 

Another problem in the establishment of tumor lines 
representing a particular human malignancy is the variation 
in transplantabiiity. Theoretically a good panel of lines 
should contain all histological subtypes., various degrees of 
differentiation and different tumor doubling times. Tissue 
factors however, such as the degree of differentiation, the 
origin of the fragments (primary tumor, metastasis) or the 
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histological (sub)type, are known to be of influence on the 
Successful growth as xenografts. 

Tumor characteristics of established' lines need to be 
monitored continuously. Changes in latency period and 
growth: rate with a concurrent change in chemoserisitivity 
have been described for two established melanoma xeno- 
grafts bv Fodstad el »l (58). Changes in growth rale with a 
transformation of histological and biochemical characteristics 
have also been reported for a nephroblastoma line (61) and 
for a colon cancer, a lung cancer and a lymphoma line (N,H), 
To Circumvent this problem, many laboratories freeze a lari>e 
amount of tissue from early passages so that the original 
tumor line can be re-established in case of a dramatic chan»e 
in tumor characteristics. 

With regard to chemotherapy experiments in human 
tumor lines and in patients, several pharmacologic and phar- 
macokinetic differences should be taken into account; 

a. - Therapeutic studies in human tumor xenografts are 
started whet: tumors are small and in the log-phase of growth, 
while in patients treatment is begun when tumors are well 
established and relatively slow growing; 

b. Drug doses, methods of drug administration, biovailabi- 
lity, metabolism and elimination in mice and man may differ; 

c. The assessment of the maximum tolerated dose irs mice 
according to weight loss and death is different from the 
determination of dose-limiting side effects in patients; 

tl- The assessment' of response to treatment in xenografts 
by comparison of the tumor volume (weight) in treated 
animals with that of control animals differs from response 
criteria in patients. 

From the data on active conventional anticancer aaents 
reviewed above, it appears that the predictability of tumor 
litres is Better for responsive tumor types (mammary cancer, 
ovarian cancer) than for non-responsive tumors (colorectal 
cancer, melanoma). 

It should be noted that false negative results from che- 
motherapy experiments with human tumor lines, have been 
reported. This is clearly illustrated by t the lack of significant 
activity of MTX m head and neck cancer xenografts (83 , 84), 
whereas it is an active agent in this tumor type in clinical 
practice. For true positives,: the degree of activity in the nude 
mouse cannot be directly related to clinical activity. Based on 
xenograft testing, for instance hexamethylmelamme would 
have been predicted to be more active than cisplatin or 
cyclophosphamide in ovarian cancer (82. 89). 

Conclusions and future perspectives 

The data obtained thus far indicate thaf human tumor lines in 
nude mice are realistic models of human cancer and as such 
may be useful tools in anticancer drug development. Unfortu- 
nately, dua to a number of practical: limitations such as low 
take rate and slow tumor growth, they cannot be applied 
routinely in the selection of the optimal chemotherapy for the 
individual patient. These limitations do not preclude the use 



of human tumor lines' in the nude mouse in a new drug 
development program for anticancer agents, Relatively fast- 
growing human tumor lines have already been used in the 
tumor panel of the NCI drug screening program. Recent 
studies have demonstrated that the successful application of 
xenografts will require the use of a representative panel of 
lines per tumor type,. The ideal siie of such panels has to be 
determined on the basis of a cost-benefit analysis' and statis- 
tical considerations. The high cost level of xenograft tesiinu 
will limit its use as a method of primary screening, A model 
which is to be used in primary screening aiming at the 
identification of new "lead compounds;" should be a h; : ;h- 
capacity, low-cost model. Recently, Fiebig proposed to "in- 
crease the capacity of a xenograft-based secondary screenfns 
system by pre-screening of new agents: iri vitro, using a 
xenografl-derived clonogemc assay (90), A potential danger 
of this approach is that compounds requiring bioactivation in 
viva may be missed when no further hi vivo results are 
available. 

For the near future, the major role of human tumor lines 
Will probably be in advanced screening, of promising agents 
identified by other test methods. An interesting initiative in 
this direction has recently been developed by the Eariy 
Clinioal Trials Group of the European Organization for 
Research and Treatment of Cancer (EORTCi. lira coopera- 
tive effort of several specialized European xenograft labor- 
atories, the value of human tumor lines in the prediction of 
drug- efficacy in phase IE trials will be investigated, both 
retrospectively and prospectively. Experiments also include 
clinically inactive agents in order to obtain an. estimate of the 
risk of false positives. The aim of phase if clinical trial's is to 
determine the response rate per tumor type. If panels of 
tumOr lines in the nude mouse appear to be predictive for the 
clinical response of a drug,, this approach may definitely 
reduce the number of trials with negative results and rapidly 
indicate sensitive tumor types. 
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Crude interferon preparations from primary guinea-pig 
embryo cells infected with vesicular stomatitis virus strain 
T1026R1 were shown to be more sensitive to heat (37 
degrees C), pH 2.0, and SDS than crude mouse interferon. 
Since the proportion of antiviral activity lost after each treatment was nearly the same, the 
existence of a single fraction of antiviral activity sensitive to all three treatments was suggested. 
Support for this possibility was given by the finding that subjecting this guinea-pig interferon to 
any one of the treatments rendered it insensitive to the effects of the other two. 
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The opinion in support of the decision being entered today was not written 
for publication and is not binding precedent of the Board. 



UNITED STATES PATENT AND TRADEMARK OFFICE 



BEFORE THE BOARD OF PATENT APPEALS 
AND INTERFERENCES 



Ex parte NANA K. AYISI 



Appeal No. 2006-1608 
Application No. 09/978,593 



ON BRIEF 

Before SCHEINER, MILLS, and GREEN, Administrative Patent Judges . 
GREEN, Administrative Patent Judge . 

DECISION ON APPEAL 

This is a decision on appeal under 35 U.S.C. § 134 from the examiner's 

final rejection of claims 20, 22, 31 and 32, which read as follows: 

20. The method according to claim 31 , wherein the virus is human 

immunodeficiency virus (HIV), herpes simplex virus (HSV), human 
cytomegalovirus (HCMV), poliovirus (PV), measles virus (MV) or 
yellow fever virus (YMV). 

22. The method according to claim 20, wherein the virus is HIV-1 , HCMV, 
HSV-1 or HSV-2. 



31 . A method comprising: contacting a virus-infected cell with an extract 
from Ocimum gratissimum in an amount effective to inhibit cytopathic 
effects of the virus in the cell. 



32. 



The method according to claim 20, wherein the virus is HIV. 
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Claims 20, 22, 31 and 32 stand rejected under 35 U.S.C. § 1 12, first 
paragraph, on the grounds that the specification fails to provide an enabling 
disclosure. In addition, claims 20 and 31 stand rejected under 35 U.S.C. § 
102(b) as being anticipated by El-Said 1 as evidenced by Merck. 2 After careful 
review of the record and consideration of the issues before us, we reverse both 
rejections. 

DISCUSSION 

Claims 20, 22, 31 and 32 stand rejected under 35 U.S.C. § 1 12, first 
paragraph, "because the specification, while being enabling for inhibiting HIV viral 
replication in Vero cells and Molt4 clone 8 cells with an extract of O. gratissimum , 
does not reasonably provide enablement for the O. gratissimum extract to inhibit 
HIV viral replication in a mammal or any other cell line. The specification does 
not enable any person skilled in the art to which it pertains, or with which it is 
most nearly connected, to practice the invention commensurate in scope with 
these claims." Examiner's Answer, page 3. 



1 El-Said et al. (El-Said), "An investigation into the efficacy of Ocimum gratissimum as used in 
Nigerian native medicine," Planta Medicine , pages 195-200 (1969). 

2 Merck Manual (Merck), Beers et al., editors, published by Merck Research Laboratories, 
Whitehouse Station, NJ, pp. 1293-1296, 1303-1306, 1312-1323, 2320-2324 and 2341-2343 
(1999). 
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"[A] specification disclosure which contains a teaching of the manner and 
process of making and using the invention in terms which correspond in scope to 
those used in describing and defining the subject matter sought to be patented 
must be taken as in compliance with the enabling requirement of the first 
paragraph of § 112 unless there is reason to doubt the objective truth of the 
statements contained therein which must be relied on for enabling support." In re 
Marzocchi , 439 F.2d 220, 223, 169 USPQ 367, 369 (CCPA 1971) (emphasis in 
original). "[It] is incumbent upon the Patent Office, whenever a rejection on this 
basis is made, to explain why it doubts the truth or accuracy of any statement in 
a supporting disclosure and to back up assertions of its own with acceptable 
evidence or reasoning which is inconsistent with the contested statement." ]d. at 
224, 169 USPQ at 370. Here, the examiner has not provided "acceptable 
evidence or reasoning which is inconsistent" with the specification, and therefore 
has not met the initial burden of showing nonenablement. 

While the examiner engages in a Wands analysis, see In re Wands , 858 
F.2d 731, 737, 8 USPQ2d 1400, 1403 (Fed. Cir. 1988) (noting that facts that 
should be considered in determining whether a specification is enabling include: 
(1) the quantity of experimentation necessary to practice the invention, (2) the 
amount of direction or guidance presented, (3) the presence or absence of 
working examples, (4) the nature of the invention, (5) the state of the prior art, (6) 
the relative skill of those in the art, (7) the predictability or unpredictability of the 
art, and (8) the breadth of the claims), the examiner's primary concern appears to 
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be that "the use of in vitro tests is not an acceptable predicator of in vivo activity 
when claiming treatments to HIV." Examiner's Answer, page 6. 

According to the examiner, the "[characteristics of a compound's activity 
in vitro using purified or partially purified components generally differs 
significantly with the compound when used in a living body." ]d. at 3. The 
examiner asserts that clinical correlation of in vitro activity to in vivo efficacy is 
generally lacking, as cultured cell lines "differ significantly from in vivo animal 
models." ]d. at 4. 

Moreover, as explained by the examiner, "[t]he greatly increased 
complexity of the in vivo environment as compared to the very narrowly defined 
and controlled conditions of an in vitro assay does not permit a single 
extrapolation of in vitro assays to human diagnostic efficacy with any reasonable 
degree of predictability." ]d. The examiner cites Planchon, 3 Kerr 4 and 
Chomienne 5 to demonstrate the lack of correlation of in vitro testing to in vivo 
efficacy. See id. at 5. The examiner then cites a statement by Joanne 
Shellenbach, a spokeswoman for the American Cancer Society, quoted in the 



3 Planchon et al. (Planchon), "Differential Effects of Butyrate Derivatives on Human Breast 
Cancer Cells Grown as Organotypic Nodules in Vitro and as Xenografts in Vivo ," In Vivo , Vol. 6, 
pp. 605-10 (1992). 

4 Kerr et al. (Kerr), "The relationship between Cytotoxic Drug Exposure and Tumour Cell Kill, in 
Vitro and in Vivo ," In Vivo , Vol. 5, pp. 385-88 (1991). 

Chomienne et al. (Chomienne), "Discrepancy Between in Vitro and in Vivo Passaged U-937 
Human Leukemic Cells: Tumorigenicity and Sensitivity to Differentiating Drugs, " In Vivo , Vol. 2, 
pp. 281-88 (1988). 
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Washington Times, 6 stating that results in animal models '"cannot always be 
easily replicated in humans.'" ]d. 

The examiner next cites Kirsi 7 for its teaching that "[t]he effect of an 
inhibitor is also dependent on the virus, inhibitor concentration and cell line used," 
indicating that an "inhibitor may be effective in one cell line but not in another cell 
line for the same virus." ]d. at 6. Finally, the examiner cites Mitsuya 8 and 
Sandstorm 9 as evidence that a drug that showed promise as a treatment of HIV in 
vitro , suramin, was not correlated to in vivo efficacy. See id. 

The invention that must be enabled to satisfy § 1 12 is the invention 
defined by the claims. See CFMT, Inc. v. Yieldup Int'l Corp. , 349 F.3d 1333, 
1338, 68 USPQ2d 1940, 1944 (Fed. Cir. 2003) ("Title 35 does not require that a 
patent disclosure enable one of ordinary skill in the art to make and use a 
perfected, commercially viable embodiment absent a claim limitation to that 
effect."). Thus, when the claims are not limited to a method that achieves 
therapeutic or clinical efficacy, such efficacy is not required for the claims to be 
enabled. 



6 Joyce Howard Price, Researchers test 'smart-bomb' cancer therapy , Washington Times, 
November 16, 2001, at 3. 

7 Kirsi et al. (Kirsi), "Broad-Spectrum Antiviral Activity of 2-p-D-Ribofuranosylselenazole-4- 
Carboxamide, a New Antiviral Agent," Antimicrobial Agents and Chemotherapy , Vol. 24, No. 3, 
pp. 353-61 (1983). 

Mitsuya et al. (Mitsuya), "Suramin Protection of T Cells in Vitro Against Infectivity and 
Cytopathic Effect of HTLV-III," Science , Vol. 226, pp. 172-74 (1984). 

9 Sandstbm et al. (Sandstbm), "Antiviral Therapy in AIDS Clinical Pharmacological Properties 
and Therapeutic Experience to Date," Drugs , Vol. 34, pp. 372-90 (1987). 
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Here, the claims are directed to a "method comprising [ ] contacting a 
virus-infected cell with an extract from Ocimum gratissimum in an amount 
effective to inhibit cytopathic effects of the virus in the cell" (claim 31 ). Thus, 
while it is fair to say that the claims encompass a method that achieves a 
clinically effective therapeutic response, they do not require it. Cf. In re Cortright , 
165 F.3d 1353, 49 USPQ2d 1464 (Fed. Cir. 1999) (claims to a method of 
"treating scalp baldness" could be enabled even if the method did not produce a 
full head of hair). 

We conclude that the potential problems identified by the examiner may 
indeed complicate treatment of a HIV in a patient, but such problems need not be 
overcome in order to "contact[ ] a virus-infected cell with an extract from Ocimum 
gratissimum in an amount effective to inhibit cytopathic effects of the virus in the 
cell" - all that is required by the claims. Thus, the examiner has not adequately 
explained why practicing the claimed method would have required undue 
experimentation. 

Moreover, a claim may encompass inoperative embodiments and still 
meet the enablement requirement of 35 U.S.C. § 112, first paragraph. See Atlas 
Powder Co. v. E.I. Du Pont De Nemours & Co. . 750 F.2d 1569, 1576, 224 USPQ 
409, 413 (Fed. Cir. 1984), In re Anqstadt , 537 F.2d 498, 504, 190 USPQ 214, 
218 (CCPA 1976), In re Cook , 439 F.2d 730, 732, 169 USPQ 298, 300 (CCPA 
1971). And the stage at which an invention in this field become useful is well 
before it is ready to be administered to humans." In re Brana , 51 F.3d 1560, 
1568, 34 USPQ2d 1436, 1442 (Fed. Cir. 1995). (While the Brana court referred 
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to "usefulness", the rejection on appeal was for nonenablement. See id. at 1564, 
34 USPQ2d at 1439.) 

Therefore, as the examiner has failed to set forth a prima facie case of 
unpatentability under 35 U.S.C. § 112, first paragraph, we are compelled to 
reverse the rejection. 

Claims 20 and 31 stand rejected under 35 U.S.C. § 102(b) as being 
anticipated by El-Said. 

According to the rejection, 

El-Said [ ] disclose[s] that an aqueous extract of O. 
gratissimum has been used in Nigerian herbal medicine for the 
treatment of fevers (see abstract). Fever is a symptom that is 
associated with viral or bacterial infections (as evidenced by . . . 
Merck . . .). Thus, the treatment of viral infection using an extract of 
O. gratissimum is anticipated by El-Said [ ]. 

Examiner's Answer, page 7. 

The burden is on the examiner to set forth a prima facie case of 
unpatentability. See In re Alton , 76 F.3d 1168, 1175, 37 USPQ2d 1578, 1581 
(Fed. Cir. 1996). In order for a prior art reference to serve as an anticipatory 
reference, it must disclose every limitation of the claimed invention, either 
explicitly or inherently. See In re Schreiber , 128 F.3d 1473, 1477, 44 USPQ2d 
1429, 1432 (Fed. Cir. 1997). 

Appellant argues that El-Said "disclose[s] the chemotaxonomy and 
antibacterial testing of Ocimum gratissimum specimens." Appeal Brief, page 1 1 
(emphasis in original). Therefore, according to appellant, "[t]he invention, as 
claimed, is not anticipated by [El-Said] because the reference does not disclose 
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anti-viral testing and/or a method of use of Ocimum gratissimum for inhibiting the 
cytopathic effects of a virus-infected cell." ]d. at 12. We agree, and the rejection 
is reversed. 

CONCLUSION 

Because the examiner has failed to set forth a prima facie case of 
unpatentability, both rejections of record are reversed. 

REVERSED 

Toni R. Scheiner 
Administrative Patent Judge 



Demetra J. Mills 
Administrative Patent Judge 



Lora M. Green 
Administrative Patent Judge 
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The opinion in support of the decision being entered today was not written 
for publication and is not binding precedent of the Board. 

UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE BOARD OF PATENT APPEALS 
AND INTERFERENCES 

Ex parte RAYMOND H. BOUTIN 

Appeal No. 2006-1879 
Application No. 10/010,114 

ON BRIEF 

Before SCHEINER, GRIMES, and LEBOVITZ, Administrative Patent Judges . 
GRIMES, Administrative Patent Judge . 

DECISION ON APPEAL 
This appeal involves claims to a method of transferring nucleic acids into cells, 
which the examiner has rejected as nonenabled. We have jurisdiction under 35 U.S.C. 
§ 134. Because we conclude that enabling the claimed method does not require 
providing therapeutically effective gene therapy, we reverse. 

Background 

Methods for delivering nucleic acids to cells in vivo face several problems: 
"persistence in the biophase of the organism for a sufficient time to reach the target cell; 
recognition of the target cell and means for mediating transport of the genetic material 
through the cell membrane and into the cytoplasm of the cell; avoidance of degradation 
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within the cell by the reticuloendothelial system; and transport to and through the 
nuclear membrane into the nucleus of the cell where transcription of the genetic 
material can take place." Specification, page 2, lines 5-14. The specification discloses 
a "multifunctional molecular complex for the transfer of a nucleic acid composition to a 
target cell comprising . . . : 1) said nucleic acid composition; 2) one or more cationic 
polyamine components . . . ; [and] 3) one or more endosome membrane disruption 
promoting components." Page 12, lines 2-9. 

"The core, or backbone[,] of the transfer moiety is the cationic polyamine, 
containing between 3 and 12 amines." Page 23, lines 17-18. The function of the 
cationic polyamine is "to overcome the incompatibility arising from the hydrophilic nature 
of the nucleic acid molecule and the lipophilic nature of the cell membrane." ]d., lines 
20-23. 

"The next component of the transfer moiety is the endosome membrane 
disruption promoting component. . . . This can either comprise one or more lipophilic 
long chain alkyl groups attached through one or more of the nitrogen atoms of said 
polyamine, or can comprise a bridging group . . . through which there is attached a 
fusogenic peptide, or cholic acid or cholesteryl or derivative compound." Page 25, 
lines 28-37. This component "prevents] degradation of the nucleic acid molecule in a 
lysosome," page 16, lines 27-28, by "permitting] the complex to escape from the 
endosome, whereupon it can migrate into the nucleus of the target cell, and release the 
nucleic acid composition, whose genetic information can then be transcribed within said 
nucleus." Page 34, lines 2-6. 
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Discussion 

1. Claims 

Claims 1, 2, 5-9, and 17-52 are on appeal. Claims 3 and 4 are also pending; 
claim 4 has been objected to but not rejected, and claim 3 has been withdrawn from 
consideration by the examiner. 

Claim 1 is representative and reads as follows: 

1 . A method for the transfer of a nucleic acid composition to cells, comprising 
the step of introducing a multifunctional molecular complex into cells, 

wherein said multifunctional molecular complex comprises: 

A) a nucleic acid composition; and 

B) a transfer moiety comprising 

(i) one or more cationic polyamine components, wherein each cationic 
polyamine is non-covalently bound to said nucleic acid composition 
and comprises from three to twelve nitrogen atoms; and 

(ii) one or more endosome membrane disruption promoting 
components independently selected from (a) at least one lipophilic 
long chain alkyl group or (b) a fusogenic peptide, cholic acid or 
cholesterol group or a derivative thereof; 

wherein said multifunctional molecular complex transfers said nucleic acid 
composition to said cells. 

Thus, claim 1 is directed to a "method for the transfer of a nucleic acid 

composition to cells." The claim is not limited to cells in culture or in a subject, so the 

claim encompasses both in vitro and in vivo methods. The claim comprises "introducing 

. . . into cells" a multifunctional complex comprising a nucleic acid composition; a 

cationic polyamine comprising three to twelve nitrogen atoms, noncovalently bound to 

the nucleic acid composition; and an endosome disrupting agent (which can be a 
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lipophilic long chain alkyl group, a fusogenic peptide, cholic acid, a cholesteryl group, or 
a derivative) attached to a nitrogen of the polyamine component via specified linkages. 
2. Enablement 

The examiner rejected claims 1 , 2, 5-9, and 1 7-52 under 35 U.S.C. § 1 1 2, first 
paragraph, for nonenablement. The examiner focused on the aspect of the claimed 
method that involves transferring a nucleic acid encoding a therapeutic protein into 
cells. 1 The examiner concluded that the specification is enabling for a method of 
transferring a nucleic acid encoding a therapeutic protein into cells in vitro but is not 
enabling for the same method carried out in vivo . See the Examiner's Answer, page 3. 

The examiner reasoned that "[t]he in vivo aspect of claims 1, 2, 5-9 and 17-52 is 
interpreted as gene therapy as the specification does not disclose a use for delivering a 
therapeutic protein other than for therapeutic purposes." ]d. The examiner noted that 
the instant application has an effective filing date of September 28, 1994, 2 and cited 
several references as evidence that undue experimentation would have been required 
to successfully carry out gene therapy as of that date, jd., pages 4-6. 

The examiner noted that the specification does not "disclose any particular DNA 
sequences that can be administered by applicant's claimed methods" to treat any 
specific disease. ]d., page 6. The examiner summarized the most relevant working 
examples: 

1 The examiner restricted the claims based on the type of protein encoded by the transferred nucleic acid. 
See the restriction requirement mailed August 13, 2003. Appellant elected the claims directed to a 
method of transferring a nucleic acid encoding a therapeutic agent. See the paper filed September 1 1 , 
2003. The examiner has stated that "[b]ased on this election . . . claims 1, 2[,] 4-9, [and] 17-52, are 
interpreted as methods of delivering a therapeutic agent using applicant's novel multifunctional molecular 
complex." Examiner's Answer, pages 7-8. 

2 The instant application claims benefit under 35 U.S.C. § 120 of the filing date of application serial 
number 08/314,060, filed September 28, 1994. 
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Example 1 1 teaches the expression of lacZ when a plasmid comprising a 
P-galactosidase gene complexed to a transfer moiety of the invention is 
injected into mouse thigh muscle. . . . Example 12 teaches the finding of 
hepatitis B [virus] surface antigen in the blood [of] mice injected i.v. with a 
multifunctional molecular complex comprising a plasmid containing a 
hepatitis B virus surface antigen gene complexed to a transfer moiety of 
the invention. 

Id. , pages 6-7. The examiner found that these examples did not provide sufficient 
guidance, however, because "in neither case does the expression of the delivered gene 
result in an alleviation of a symptom of any disease." jd., page 7. 

Appellant argues that "[s]ince the claims do not require a therapeutic effect, 
Applicant need not demonstrate such an effect in order to enable the claimed subject 
matter." Appeal Brief, page 4. Appellant argues that he "need[ ] only establish that the 
application enable[s] one of ordinary skill in the art to make and use a method for 
transferring] nucleic acid compositions to cells . . . without undue experimentation." ]d. 
Appellant argues that the references cited by the examiner are not applicable because 
they describe different methods of delivering nucleic acids to cells. ]d., page 5. Finally, 
Appellant relies on a declaration submitted under 37 CFR § 1 .132, which is said to 
provide additional examples of in vivo transfer of nucleic acids using the claimed 
method. See id., pages 7-9 

The examiner bears the initial burden of showing that a claimed method is not 
enabled. See In re Wright , 999 F.2d 1557, 1561-62, 27 USPQ2d 1510, 1513 (Fed. Cir. 
1993) ("[T]he PTO bears an initial burden of setting forth a reasonable explanation as to 
why it believes that the scope of protection provided by that claim is not adequately 
enabled by the description of the invention provided in the specification of the 
application."). 
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The invention that must be enabled to satisfy § 1 12 is the invention defined by 
the claims. See CFMT, Inc. v. Yieldup Infl Corp. , 349 F.3d 1333, 1338, 68 USPQ2d 
1940, 1944 (Fed. Cir. 2003) ("Title 35 does not require that a patent disclosure enable 
one of ordinary skill in the art to make and use a perfected, commercially viable 
embodiment absent a claim limitation to that effect."). Thus, when the claims are not 
directed to a method that achieves a therapeutically useful result, achieving such a 
result is not required for the claims to be enabled. 

Here, the claims, as restricted, are directed to a "method for the transfer of a 
nucleic acid composition [encoding a therapeutic agent] to cells." Thus, while the claims 
read on gene therapy methods, they do not require producing a clinically effective 
therapeutic response. Cf. In re Cortriqht , 165 F.3d 1353, 49 USPQ2d 1464 (Fed. Cir. 
1999) (claims to a method of "treating scalp baldness" could be enabled even if the 
method did not produce a full head of hair). 

The examiner argues, however, that the specification must teach those skilled in 
the art how to use the claimed method to produce a therapeutically useful result 
because 

the only use disclosed for in vivo delivery is [ ] for therapeutic purposes. 
. . . Thus, while the specification enables delivery and expression in cells 
in culture or cells in vitro, the method of delivering has no enabled use for 
delivery to cells in an animal, patient or subject[;] that is[,] in vivo. There is 
no evidence that the method results in sufficient delivery of a nucleic acid 
in vivo to offer a therapeutic effect. The specification offers no use for 
mere delivery of a therapeutic agent in vivo absent a therapeutic effect. 

Examiner's Answer, page 8. As we understand it, the examiner does not dispute that 

the specification enables those skilled in the art to transfer nucleic acids into cells in 
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vivo , but she argues that transferring a nucleic acid encoding a therapeutic protein does 
not produce a useful result unless it confers a therapeutic benefit. 

The examiner's reasoning highlights the incorporation into § 1 12 of the utility 
requirement of 35 U.S.C. § 101 : to be enabled, a claimed method must be disclosed 
sufficiently to allow those skilled in the art to carry out the recited steps and, in addition, 
the result of the claimed method must have a specific and substantial utility. See In re 
Fisher , 421 F.3d 1365, 1378, 76 USPQ2d 1225, 1235 (Fed. Cir. 2005) ("It is well 
established that the enablement requirement of § 112 incorporates the utility 
requirement of § 1 01 ."); In re Kirk , 376 F.2d 936, 942, 1 53 USPQ 48, 53 (CCPA 1 967) 
("[S]urely Congress intended § 1 12 to pre-suppose full satisfaction of the requirements 
of § 1 01 . Necessarily, compliance with § 1 1 2 requires a description of how to use 
presently useful inventions, otherwise an applicant would anomalously be required to 
teach how to use a useless invention."). 

The examiner's reasoning is logical but we do not agree that it applies to the 
instant claims. The specification describes experiments in which exogenous DNA was 
transferred, using the claimed method, to muscle cells and liver cells in vivo . See pages 
77-78. The examiner has not disputed the accuracy of these working examples, but 
points out that the transferred DNAs did not encode therapeutic proteins and the 
specification does not describe therapeutically effective gene therapy. 

The examiner has cited several references to show that clinical application of 
gene therapy faced many hurdles in 1994. The examiner has characterized the 
references as showing that delivering therapeutic genes to cells in vivo and ensuring 
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adequate expression of the gene products were major areas of unpredictability at the 
time of filing. See the Examiner's Answer, pages 4-6. 

We can accept, for discussion purposes, (1) that the references show that using 
gene therapy to produce a therapeutically effective result would have required undue 
experimentation in 1994, and (2) that gene therapy is the only in vivo use disclosed in 
the specification for the claimed method. Even given those two premises, however, we 
do not agree that the evidence shows that the claimed method was not enabled as of its 
effective filing date. 

As discussed above, the claims are not directed to a method of carrying out gene 

therapy, but to a method of transferring nucleic acids into cells. That is, the claimed 

method is directed to one step in, for example, a gene therapy method. The claimed 

method is disclosed to overcome some of the problems discussed in the references 

cited by the examiner. See the specification, pages 2 and 16: 

The problems faced by [nonviral vectors or carriers] include . . . means for 
mediating transport of the genetic material through the cell membrane and 
into the cytoplasm of the cell; avoidance of degradation within the cell by 
the reticuloendothelial system; and transport to and through the nuclear 
membrane into the nucleus of the cell where transcription of the genetic 
material can take place. 

This multifunctional molecular complex comprises essentially the 
combination of two key elements, (I) the nucleic acid composition which it 
is desired to transfer to the target cell, and (II) the transfer moiety, which 
. . . comprises several components whose function is . . . ii) to overcome 
the incompatibility arising from the hydrophilic nature of the nucleic acid 
molecule and the lipophilic nature of the cell membrane so that the former 
can pass through the latter; and iii) to prevent degradation of the nucleic 
acid molecule in a lysosome of said target cell, by disrupting the pre- 
lysosome, endosome formation stage. 
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The examiner has stated that the in vitro embodiments encompassed by the 
claims are enabled, and has not disputed the accuracy of the specification's in vivo 
working examples. There seems to be no dispute, therefore, that the claimed method 
results in the transfer and expression of nucleic acids in targeted cells. We cannot 
agree that such a result must provide a therapeutic effect in order to be useful. 

A method that overcomes some of the problems plaguing the field of gene 
therapy would seem to be a useful advance, even if the advance is incremental and 
does not resolve all of the problems facing the field. Such a method is useful to those 
skilled in the art even if it is not sufficient, by itself, to allow immediate practice of gene 
therapy. A method that enhances the efficiency of transfer of nucleic acids to cells in 
vivo , as the present method is said to do, provides a valid research tool that those 
skilled in the art could use in carrying out experiments involving transferring nucleic 
acids to cells in vivo . 

The present claims are different from, for example, the invention at issue in In re 
Fisher , 421 F.3d 1365, 76 USPQ2d 1225 (Fed. Cir. 2005). The applicant in that case 
claimed expressed sequence tags (ESTs) from genes of unknown function. See id. at 
1370, 76 USPQ2d 1231 . The court concluded that "the claimed ESTs act as no more 
than research intermediates that may help scientists to isolate the particular underlying 
protein-encoding genes and conduct further experimentation on those genes. . . . 
Accordingly, the claimed ESTs are . . . mere 'object[s] of use-testing,' to wit, objects 
upon which scientific research could be performed with no assurance that anything 
useful will be discovered in the end." \± at 1373, 76 USPQ2d 1231 . 
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The Fisher court considered the applicant's argument that an EST is a research 
tool, like a microscope, but found the analogy inapt: "[A] microscope has the specific 
benefit of optically magnifying an object to immediately reveal its structure. One of the 
claimed ESTs, by contrast, can only be used to detect the presence of genetic material 
having the same structure as the EST itself. It is unable to provide any information 
about the overall structure let alone the function of the underlying gene." ]d. at 1373, 76 
USPQ2d 1231. The court concluded that "Fisher's asserted uses are insufficient to 
meet the standard for a 'substantial' utility under § 1 01 ." \± at 1 373, 76 USPQ2d 1 231 . 

The ESTs at issue in Fisher lacked substantial utility because they were useful 
only for conducting experiments on the genes of which the ESTs were part; they were 
not useful for conducting research generally but only for conducting research to learn 
more about the ESTs themselves and the genes from which they were derived. Here, 
by contrast, the claimed method is broadly useful for transferring nucleic acids into cells. 
The instant claims are directed to a completed invention, not a "research intermediate" 
as in Fisher , that can be used to carry out research using a variety of nucleic acids, 
cells, and subjects. Thus, the instantly claimed method is a valid research tool that can 
be used to carry out research in general rather than research limited to discovering 
information about the claimed invention itself. 

Summary 

We do not agree with the examiner that enabling the instant claims requires 
enabling therapeutically effective gene therapy. The specification provides adequate 
guidance to enable those skilled in the art to use the claimed method to transfer nucleic 
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acids to cells, and that is all that the claims require. The rejection for lack of 
enablement is reversed. 

REVERSED 



Toni R. Scheiner 
Administrative Patent Judge 



Eric Grimes 

Administrative Patent Judge 



Richard M. Lebovitz 
Administrative Patent Judge 



BOARD OF PATENT 
APPEALS AND 
INTERFERENCES 



EG/jlb 



Appeal No. 2006-1879 
Application No. 10/010,114 



Page 12 



Howson and Howson 
Cathy A. Kodroff 
Suite 210 

501 Office Center Drive 
Ft Washington, PA 19034 



The opinion in support of the decision being entered today was not written 
for publication and is not binding precedent of the Board. 

UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE BOARD OF PATENT APPEALS 
AND INTERFERENCES 

Ex parte NORIMITSU SAITO and MING ZHAO 

Appeal No. 2005-1442 
Application No. 09/734,786 

ON BRIEF 

Before ELLIS, SCHEINER, and GRIMES, Administrative Patent Judges . 
GRIMES, Administrative Patent Judge . 

DECISION ON APPEAL 
This appeal involves claims to a method of introducing a nucleic acid into a 
subject by modifying and transplanting hair follicles. The examiner has rejected the 
claims as nonenabled. We have jurisdiction under 35 U.S.C. § 1 34. Because the 
examiner has not shown that undue experimentation would have been required to 
practice the claimed method, we reverse. 

Background 

The specification discloses that "histocultured tissues, including tissues 
containing hair follicles, can be successfully modified genetically ex vivo and then 
transplanted successfully into an intact mammalian subject. The success of the 
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modification is enhanced by treating the histocultured tissues with collagenase prior to 
genetic modification." Pages 2-3. 
The specification states that 

[although it is advantageous to treat the cultured tissue with collagenase 
in order to enhance the ability of the tissue to accept heterologous nucleic 
acids, the treatment is not so severe as to destroy completely the integrity 
of the three-dimensional array. 

The three-dimensional histoculture can be assembled from any tissue, 
including skin, especially skin containing hair follicles, lymphoid tissue, or 
tumor tissue. The choice of tissue will depend on the nature of the 
treatment contemplated. . . . 

For example, hair follicles are useful recipients of genes intended to affect 
the growth or quality of hair, but also are able to produce immunogens and 
other products that may be useful to the organism taken as a whole. 

Page 4. 

The specification provides a working example in which DNA encoding green 
fluorescent protein (GFP) was introduced into hair follicles of histocultured mouse skin; 
the percentage of GFP-expressing hair follicles ranged from 22% to 67%. See pages 
11-12. In a second working example, hair follicles in skin samples were transfected with 
GFP-encoding DNA and grafted onto recipient mice. The results showed that "the 
percentage of hair follicles with GFP fluorescence in collagenase-treated skin was 5.7 
times greater than in hair follicles of untreated skin." Pages 1 4-1 5. Fluorescence was 
detected for at least 10 days after grafting. Figure 3B. 
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Discussion 

1 . Claim construction 

Claims 1 and 1 1 are representative of the claims on appeal and read as follows: 

I . A method to introduce a nucleic acid molecule into a mammalian subject 
which method comprises 

transplanting into the dermis of said subject at least one hair follicle that 
has been modified ex vivo to contain said nucleic acid molecule. 

II. A method to introduce a nucleic acid molecule into a mammalian subject 
which method comprises transplanting into the corresponding tissue of said mammal a 
histocultured intact tissue that has been modified ex vivo to contain said nucleic acid 
molecule; 

wherein said histoculture has been treated with collagenase prior to 
modifying said tissue with the nucleic acid. 

Thus, claim 1 is directed to a method of introducing a nucleic acid into a mammal 
by modifying a hair follicle ex vivo to contain the nucleic acid and transplanting the hair 
follicle to the mammal. Claim 1 does not explicitly require that the nucleic acid be 
expressed or provide any particular benefit to the mammal. 

Claim 1 1 is similar to claim 1 but encompasses treating tissues other than hair 
follicles; in addition, claim 1 1 requires that the tissue be treated with collagenase before 
being modified with the nucleic acid. 

2. Enablement 

The examiner rejected claims 1-8, 11, 1 3-1 5, 1 7, and 1 9, all of the claims 
remaining, under 35 U.S.C. § 1 12, first paragraph, on the basis that the specification 
does not enable those skilled in the art to practice the claimed method without undue 
experimentation. The examiner considered the factors set out in In re Wands , 858 F.2d 
731, 737, 8 USPQ2d 1400, 1404 (Fed. Cir. 1988), and concluded that 
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[d]ue to the art recognized unpredictability of achieving therapeutic levels 
of gene expression following direct or indirect administration of nucleic 
acids and the lack of guidance provided by the specification for the 
parameters affecting delivery and expression of therapeutic amounts of 
DNA into the cells using ex vivo gene transfer into histocultured organs or 
tissues, it would require undue experimentation to practice the instant 
invention. 

Examiner's Answer, page 10 

Appellants argue that the claims are directed to a method of genetically 
modifying tissues ex vivo and transplanting the modified tissue into a subject, and 
therefore do not require achieving therapeutic levels of gene expression. Appeal Brief, 
page 5. Appellants point to the specification's discussion of prior art techniques and 
working examples as guidance to those skilled in the art. Appellants assert that "[t]he 
pending claims are fully supported by the ample amount of knowledge available in the 
relevant art when the present application was filed and the guidance provided in the 
specification." ]d., page 7. 

We agree with Appellants that the examiner has not adequately shown that 
undue experimentation would have been required to practice the claimed method. The 
examiner bears the initial burden of showing that a claimed invention is nonenabled. 
See In re Wright , 999 F.2d 1557, 1561-62, 27 USPQ2d 1510, 1513 (Fed. Cir. 1993) 
("[T]he PTO bears an initial burden of setting forth a reasonable explanation as to why it 
believes that the scope of protection provided by that claim is not adequately enabled 
by the description of the invention provided in the specification of the application."). 

"[T]o be enabling, the specification of a patent must teach those skilled in the art 
how to make and use the full scope of the claimed invention without 'undue 
experimentation.'" In re Wright , 999 F.2d 1557, 1561, 27 USPQ2d 1510, 1513 (Fed. 
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Cir. 1993). "That some experimentation may be required is not fatal; the issue is 
whether the amount of experimentation required is 'undue.'" In re Vaeck , 947 F.2d 488, 
495, 20 USPQ2d 1438, 1444 (Fed. Cir. 1991). 

The enablement analysis must be focused on the product or method defined by 
the claims. "Title 35 does not require that a patent disclosure enable one of ordinary 
skill in the art to make and use a perfected, commercially viable embodiment absent a 
claim limitation to that effect." CFMT, Inc. v. Yieldup Int'l Corp. , 349 F.3d 1333, 1338, 
68 USPQ2d 1940, 1944 (Fed. Cir. 2003). 

Here, the examiner has acknowledged that the claims are not limited to 
therapeutic methods, but argues that because therapeutic methods are encompassed 
by the claims, such methods must be enabled in order for the full scope of the claims to 
be enabled. See the Examiner's Answer, page 12. 

The examiner's reasoning is logical but not entirely consistent with the case law: 
enabling the "full scope" of a claim does not necessarily require enabling every 
embodiment within the claim. See, e.g. , Atlas Powder Co. v. E.I. Du Pont De Nemours 
&Co. , 750 F.2d 1569, 1576, 224 USPQ 409, 414 (Fed. Cir. 1984): "Even if some of the 
claimed combinations were inoperative, the claims are not necessarily invalid. ... Of 
course, if the number of inoperative combinations becomes significant, and in effect 
forces one of ordinary skill in the art to experiment unduly in order to practice the 
claimed invention, the claims might indeed be invalid." Atlas Powder concerned claims 
to a product, not a method as here, but the same principle applies - a claimed method 
does not lack enablement merely because it cannot be practiced under some 
circumstances or to achieve some particular result. 
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In re Cortriqht , 165 F.3d 1353, 49 USPQ2d 1464 (Fed. Cir. 1999), is instructive. 
In Cortriqht , the applicant claimed a method of "treating scalp baldness with an 
antimicrobial to restore hair growth." \± at 1355, 49 USPQ2d at 1465. The Board 
reversed a rejection for lack of utility, but entered a new rejection for lack of enablement, 
on the basis that "restoring] hair growth" required returning the user's hair to its original 
state (a full head of hair). See id. "Because Cortright's written description discloses 
results of only 'three times as much hair growth as two months earlier,' 'filling-in some,' 
and 'fuzz,' the board reasoned, it does not support the breadth of the claims." jd. at 
1358,49 USPQ2d at 1467. 

The court disagreed with the Board's claim interpretation, holding that "one of 
ordinary skill would construe this phrase [restoring hair growth] as meaning that the 
claimed method increases the amount of hair grown on the scalp but does not 
necessarily produce a full head of hair." jd^ at 1359, 49 USPQ2d at 1468. The court 
concluded that the claims, so construed, were enabled, jd. 

As with the present claims, the claims in Cortriqht encompassed a method of 
obtaining results that might be difficult to achieve: here, therapeutically effective gene 
therapy; in Cortriqht , complete restoration of hair growth. However, as in Cortriqht , the 
present claims do not require that particular result: the present claims require only 
introducing or delivering a nucleic acid; Cortright's claims required only some restoration 
of hair growth. 

The court in Cortriqht did not dispute the Board's conclusion that completely 
restoring hair growth using Bag Balm® would require undue experimentation. See id. at 
1357, 49 USPQ2d at 1467. The court nonetheless concluded that the claimed method 
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was not nonenabled merely because it encompassed one difficult-to-achieve outcome. 
The same reasoning applies here: the examiner may be correct that achieving clinically 
useful gene therapy using the claimed method would require undue experimentation, 
but the claims are not nonenabled merely for encompassing that difficult-to-achieve 
outcome. 

The claims are directed to methods of introducing a nucleic acid into a 
mammalian subject or delivering a nucleic acid to a hair follicle or intact tissue. The 
examiner has not adequately explained why the specification does not enable those 
skilled in the art to introduce a nucleic acid into a mammalian subject, or deliver a 
nucleic acid to a hair follicle or intact tissue, without undue experimentation. We 
therefore reverse the rejection for nonenablement. 



REVERSED 



Joan Ellis 

Administrative Patent Judge 



Toni R. Scheiner 
Administrative Patent Judge 



Eric Grimes 

Administrative Patent Judge 
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pound. But that is not possible in advance, 
especially when the hypothetical process is 
only a general one. Thus, a conceived meth- 
od of preparing some undefined DNA does 
not define it with the precision necessary to 
render it obvious over the protein it encodes. 
We did not state otherwise in Amgen. See 
Amgen, 927 F.2d at 1206-09, 18 USPQ2d at 
1021-23 (isolated/purified human gene held 
nonobvious; no conception of gene without 
envisioning its precise identity despite con- 
ception of general process of preparation). 

We conclude that, because the applied ref- 
erences do not teach or suggest the claimed 
cDNA molecules, the final rejection of claims 
5 and 7 must be reversed. ' See also Bell, 991 
F.2d at 784-S5, 26 USPQ2d at 1531-32 (hu- 
man DNA sequences encoding IGF proteins 
nonobvious over asserted combination of ref- 
erences showing gene cloning method and 
complete amino acid sequences of IGFs). 

[11] Claims 4 and 6 are of a different 
scope than claims 5 and 7. As is conceded 
by Deuel, they generically encompass all 
DNA sequences encoding human and bovine 
HBGFs. Written in such a result-oriented 
form, claims 4 and 6 are thus tantamount to 
the general idea of all genes encoding the 
protein, all solutions to the problem. Such 
an idea might have been obvious from the 
complete amino acid sequence of the protein, 
coupled with knowledge of the genetic code, 
because this information may have enabled a 
person of ordinary skill in the art to envision 
the idea of, and, perhaps with the aid of a 
computer, even identify all members of the 
claimed genus. The Bohlen reference, how- 
ever, only discloses a partial amino acid se- 
quence, and thus it appears that, based on 
the above analysis, the claimed genus would 
not have been obvious over this prior art 
disclosure. We will therefore also reverse 
the final rejection of claims 4 and 6 because 
neither the Board nor the patent examiner 
articulated any separate reasons for holding 
these claims unpatentable apart from the 
grounds discussed above. 

One further matter requires comment. 
Because Deuel's patent application does not 
describe how to obtain any DNA except the 
disclosed cDNA molecules, claims 4 and 6 
may be considered to be inadequately sup- 



ported by the disclosure of the application. 
See generally Amgen Inc. v. Chugai Phar- 
maceutical Co., 927 F.2d 1200, 1212-14, 18 
USPQ2d 1016, 1026-28 (Fed.Cir.) (generic 
DNA sequence claims held invalid under 35 
U.S.C. § 112, first paragraph), cert, denied, 
502 U.S. 856, 112 S.Ct. 169, 116 L.Ed.2d 132 
(1991); In re Fisher, 427 F.2d 833, 839, 166 
USPQ 18, 24 (CCPA 1970) (Section 112 "re- 
quires that the scope of the claims must bear 
a reasonable correlation to the scope of en- 
ablement provided by the specification to 
persons of ordinary skill in the art."). As 
this issue is not before us, however, we will 
not address whether claims 4 and 6 satisfy 
the enablement requirement of § 112, first 
paragraph, but will leave to the PTO the 
question whether any further rejection is 
appropriate. 

We have considered the PTO's remaining 
arguments and find them not persuasive. 

CONCLUSION 

The Board's decision affirming the final 
rejection of claims 4-7 is reversed. 
REVERSED 




In re Miguel F. BRANA, Jose M.C. 
Berlanga, Marina M. Moset, Erich 
Schlick and Gerhard Keilhauer. 

93-1393. 

United States Court of Appeals, 
Federal Circuit. 

March 30, 1995. 

Applicants appealed from decision of the 
United States Patent and Trademark Office 
(PTO) Board of Patent Appeals and Interfer- 
ences, affirming patent examiner's rejections 
of claims for antitumor compound. The 
Court of Appeals, Plager, Circuit Judge, held 
that: (1) claimed specification for antitumor 
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compound satisfied statutory utility require- 5. Patents <®=>97 
ment by alleging that compound was more 
effective in treating lymphocytic leukemia in 
mice than other known compounds; (2) PTO 
failed to satisfy its initial burden of challeng- 
ing presumptively correct assertion of utility; 
(3) even if one skilled in the art would have 
reasonably questioned asserted utility of 
claimed antitumor compound, applicants pro- 
vided sufficient evidence to convince one of 
skill in the art of asserted utility; and (4) 
Food and Drug Administration (FDA) ap- 
proval is not prerequisite for finding com- 
pound useful within meaning of patent laws. 



Reversed. 



1. Patents <3=>101(5) 

Claim specifications for antitumor com- 
pound satisfied statutory utility requirement 
by alleging that compound was more effec- 
tive in treating lymphocytic leukemia in mice 
than other known compounds. 35 U.S.C.A. 
§ 101. 

2. Patents @=*48 

Lymphocytic leukemia tumor models 
used to study cancer in mice represented 
specific diseases against which claimed com- 
pounds in patent application could be effec- 
tive, as required to satisfy statutory utility 
requirement, where cell lines used on models 
were originally derived from lymphocytic leu- 
kemias in mice and would produce that dis- 
ease once implanted in mice. 35 U.S.C.A. 
§ 101. 

3. Patents «=>97 

Patent and Trademark Office (PTO) has 
initial burden of challenging presumptively 
correct assertion of utility in patent disclo- 
sure. 35 U.S.C.A. § 101. 

4. Patents ©=97 

Only after Patent and Trademark Office 
(PTO) provides evidence showing that one of 
ordinary skill in art would reasonably doubt 
asserted utility of patented invention does 
burden shift to applicant to provide rebuttal 
evidence sufficient to convince such person of 
invention's asserted utility. 35 U.S.C.A. 
§ 101. 



Patent and Trademark Office (PTO) 
failed to satisfy its initial burden of challeng- 
ing presumptively correct assertion of utility 
in application for patent for antitumor com- 
pound, where references cited by PTO did 
not question usefulness of any compound as 
antitumor agent or provide any other evi- 
dence to cause one of skill in the art to 
question asserted utility of applicants' com- 
pounds, but instead discussed therapeutic 
predictive value of tests used in mice, which 
were relevant only if applicants were re- 
quired to prove ultimate value in humans of 
their asserted utility. 35 U.S.C.A. § 101. 

6. Patents ©=>99 

Even if one skilled in the art would have 
reasonably questioned asserted utility of 
claimed antitumor compound, applicants pro- 
vided sufficient evidence to convince one of 
skill in the art of asserted utility; applicants 
provided test results showing that several 
compounds within scope of claims exhibited 
significant antitumor activity, and prior art 
disclosed structurally similar compounds 
which were proven to be effective antitumor 
agents. 35 U.S.C.A. § 101. 

7. Patents <3=>49 

Although minor changes in chemical 
compounds can radically change their effects 
on human body, evidence of success in struc- 
turally similar compounds is relevant in de- 
termining whether one skilled in the art 
would believe asserted utility. 

8. Patents ©=>46 

Food and Drug Administration (FDA) 
approval is not prerequisite for finding com- 
pound useful within meaning of patent laws. 
Federal Food, Drug, and Cosmetic Act, 
§ 505(i)(l), 21 U.S.C.A. § 355(i)(l); 35 
U.S.C.A. §§ 101, 112; 21 C.F.R. 
§§ 312.21(b), 312.23(a)(5), (a)(8). 

9. Patents ®=»324.5 

In reviewing decisions of Patent and 
Trademark Office (PTO), Court of Appeals 
traditionally reviews questions of law without 
deference to views of the agency, and defers 
to agency with regard to questions of fact 
unless its findings are clearly erroneous. 
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10. Patents ©=•324.55(1) 

When mixed questions of law and fact 
are before Court of Appeals on appeal from 
decision of Patent and Trademark Office 
(PTO), whether Court of Appeals defers, and 
extent to which it defers to agency's decision, 
turns on nature of case and nature of judg- 
ment. 5 U.S.C.A. § 706. 



Malcolm J. MaeDonald, Keil & MacDonald, 
Washington, DC, argued, for appellant. 
With him on the brief was Herbert B. Keil. 
Of counsel was David S. Nagy. 

Fred E. McKelvey, Sol., Office of Sol., 
Arlington, VA, argued, for appellee. With 
him on the brief were Albin F. Drost, Deputy 
Sol., Richard E. Schafer, Teddy S. Gron, 
Joseph G. Piccolo and Richard L. Torczon, 
Associate Sols. 

Before PLAGER, LOURIE, and RADER, 
Circuit Judges. 

PLAGER, Circuit Judge. 

Miguel F. Brana, et al. (applicants), appeal 
the March 19, 1993 decision of the United 
States Patent and Trademark Office (PTO) 
Board of Patent Appeals and Interferences 
(Board), in Appeal No. 92-1196. The Board 
affirmed the examiner's rejection of claims 
10-13 of patent application Serial No. 533,944 
under 35 U.S.C. § 112 U 1 (1988). 1 The ex- 
aminer's rejection, upon which the Board 
relied in rendering its decision, was based 
specifically on a challenge to the utility of the 
claimed compounds and the amount of exper- 
imentation necessary to use the compounds. 
We conclude the Board erred, and reverse. 

I. BACKGROUND 
On June 30, 1988, applicants filed patent 
application Serial No. 213,690 (the '690 appli- 
cation) 2 directed to 5-nitrobenzo[de]isoqui- 
noline-l,3-dione compounds, for use as anti- 

1. Unless otherwise noted, all United States Code 
citations are to the 1988 edition. 

2. This is a divisional of patent application Serial 
No. 110,871 filed October 21, 1987. 

3. In vivo means "[i]n the living body, referring 
to a process occurring therein." Steadman's 



tumor substances, having the following for- 
mula: 




where n is 1 or 2, R 1 and R 2 are identical or 
different and are each hydrogen, Ci-Cr-al- 
kyl, Ci-C6-hydroxyalkyl, pyrrolidinyl, mor- 
pholino, piperidinyl or piperaeinyl, and R 3 
and R 4 are identical or different and are each 
hydrogen, d-Cr-alkyl, d-Cg-acyl, QKV 
alkoxycarbonyl, ureyl, aminocarbonyl or C?- 
C7-alkylaminocarbonyl. These claimed com- 
pounds differ from several prior art ben- 
zo[de]isoquinoline-l,3-dione compounds due 
to the presence of a nitro group (0 2 N) at the 
5-position and an amino or other amino 
group (NR 3 R 4 ) at the 8-position of the iso- 
quinoline ring. 

The specification states that these non- 
symmetrical substitutions at the 5- and 8- 
positions produce compounds with "a better 
action and a better action spectrum as antitu- 
mor substances" than known benzo[de]isoqui- 
nolines, namely those in K.D. Paull et al., 
Computer Assisted Structure-Activity Corre- 
lations, Drug Research, 34(11), 1243-46 
(1984) (Paull). Paull describes a computer- 
assisted evaluation of benzo[de]isoquinoline- 
1,3-diones and related compounds which 
have been screened for antitumor activity by 
testing their efficacy in vivo 3 against two 
specific implanted murine (i.e., utilizing mice 
as test subjects) lymphocytic leukemias, P388 
and L1210. 4 These two in vivo tests are 

Medical Dictionary 798 (25th ed. 1990). In vitro 
means "[i]n an artificial environment, referring 
to a process or reaction occurring therein, as in a 
test tube or culture media." Id. 

4. The analysis in Paull consisted of grouping the 
previously-tested compounds into groups based 
on common structural features and cross-refer- 



widely used by the National Cancer Institute 
(NCI) to measure the antitumor properties 
of a compound. Paull noted that one com- 
pound in particular, benzo[de]isoquinoline- 
l,3(2H)dione,5-ammo-2(2-dimethyl-aininoe- 
thyl [sic] ) (hereinafter "NSC 308847"), was 
found to show excellent activity against these 
two specific tumor models. Based on their 
analysis, compound NSC 308847 was selected 
for further studies by NCI. In addition to 
comparing the effectiveness of the claimed 
compounds with structurally similar com- 
pounds in Paull, applicants' patent specifica- 
tion illustrates the cytotoxicity of the claimed 
compounds against human tumor cells, in 
vitro, 5 and concludes that these tests "had a 
good action." 6 

The examiner initially rejected applicants' 
claims in the '690 application as obvious un- 
der 35 U.S.C. § 103 in light of U.S. Patent 
No. 4,614,820, issued to and referred to here- 
after as Zee— Cheng et al. Zee-Cheng et al. 
discloses a benzo[de]isoquinoline compound 
for use as an antitumor agent with symmetri- 
cal substitutions on the 5-position and 8- 
position of the quinoline ring; in both posi- 
tions the substitution was either an amino or 
nitro group. 7 Although not identical to the 
applicants' claimed compounds, the examiner 
noted the similar substitution pattern (i.e., at 
the same positions on the isoquinoline ring) 
and concluded that a mixed substitution of 
the invention therefore would have been ob- 
vious in view of Zee-Cheng et al. 

In a response dated July 14, 1989, the 
applicants rebutted the § 103 rejection. Ap- 
plicants asserted that their mixed disubsti- 
tuted compounds had unexpectedly better 
antitumor properties than the symmetrically 
substituted compounds in Zee— Cheng et al. 

encing the various groups, in light of the success 
rates of the group as a whole, to determine 
specific compounds that may be effective in 
treating tumors. 
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In support of this assertion applicants at- 
tached the declaration of Dr. Gerhard Keil- 
hauer. In his declaration Dr. Keilhauer re- 
ported that his tests indicated that appli- 
cants' claimed compounds were far more ef- 
fective as antitumor agents than the com- 
pounds disclosed in Zee-Cheng et al. when 
tested, in vitro, against two specific types of 
human tumor cells, HEp and HCT-29. 8 Ap- 
plicants further noted that, although the dif- 
ferences between the compounds in Zee- 
Cheng et al. and applicants' claimed com- 
pounds were slight, there was no suggestion 
in the art that these improved results (over 
Zee-Cheng et al.) would have been expected. 
Although the applicants overcame the § 103 
rejection, the examiner nevertheless issued a 
final rejection, on different grounds, on Sep- 
tember 5, 1989. 

On June 4, 1990, applicants filed a continu- 
ation application, Serial No. 533,944 (the '944 
application), from the above-mentioned '690 
application. Claims 10-13, the only claims 
remaining in the continuation application, 
were rejected in a final office action dated 
May 1, 1991. Applicants appealed the exam- 
iner's final rejection to the Board. 

In his answer to the applicants' appeal 
brief, the examiner stated that the final re- 
jection was based on 35 U.S.C. § 112 11 1. 9 
The examiner first noted that the specifica- 
tion failed to describe any specific disease 
against which the claimed compounds were 
active. Furthermore, the examiner conclud- 
ed that the prior art tests performed in Paull 
and the tests disclosed in the specification 
were not sufficient to establish a reasonable 
expectation that the claimed compounds had 

the applicants except for symmetrical substitu- 
tions at the 5-position and the 8-position of the 
isoquinoline ring. Zee-Cheng et al. teaches 
identical substitutions of amino or nitro groups 
while applicants claim a nitro group substitution 
at the 5-position and an amino group substitu- 
tion at the 8-position. 



7. The chemical compound in Zee-Cheng et al. is 
labeled a 3,6-disubstituted-l,8-naphthalimide 
and uses different numbering for the positions on 
the isoquinoline ring. The structure of this com- 
pound, however, is identical to that claimed by 



lswer noted that the final 
rejection also could have been made under 35 
U.S.C. § 101 for failure to disclose a practical 
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a practical utility (i.e. antitumor activity in 
humans). 10 

In a decision dated March 19, 1993, the 
Board affirmed the examiner's final rejection. 
The three-page opinion, which lacked any 
additional analysis, relied entirely on the ex- 
aminer's reasoning. Although noting that it 
also would have been proper for the examin- 
er to reject the claims under 35 U.S.C. § 101, 
the Board affirmed solely on the basis of the 
Examiner's § 112 II 1 rejection. This appeal 
followed. 

II. DISCUSSION 

At issue in this case is an important ques- 
tion of the legal constraints on patent office 
examination practice and policy. The ques- 
tion is, with regard to pharmaceutical inven- 
tions, what must the applicant prove regard- 
ing the practical utility or usefulness of the 
invention for which patent protection is 
sought. This is not a new issue; it is one 
which we would have thought had been set- 
tled by case law years ago. 11 We note the 
Commissioner has recently addressed this 
question in his Examiner Guidelines for Bio- 
tech Applications, see 60 Fed.Reg. 97 (1995); 
49 Pat.Trademark & Copyright J. (BNA) No. 
1210, at 234 (Jan. 5, 1995). 

The requirement that an invention have 
utility is found in 35 U.S.C. § 101: "Whoever 
invents ... any new and useful . . . composi- 
tion of matter . . . may obtain a patent there- 
for " (emphasis added). It is also im- 
plicit in § 112 H 1, which reads: 

10. The examiner subsequently filed two supple- 
mental answers in response to arguments raised 
by the applicants in supplemental reply briefs. 

11. See, e.g., Cross v. Iizuka, 753 F.2d 1040, 224 
USPQ 739 (Fed.Cir.1985); In re hanger, 503 F.2d 
1380, 183 USPQ 288 (CCPA 1974); In re Krim- 
mel, 292 F.2d 948, 130 USPQ 215 (CCPA 1961); 
In re Bergel, 292 F.2d 958, 130 USPQ 205 (CCPA 
1961). 

12. This court's predecessor has determined that 
absence of utility can be the basis of a rejection 
under both 35 U.S.C. § 101 and § 112 U 1. In re 
Jolles, 628 F.2d 1322, 1326 n. 11, 206 USPQ 885, 
889 n. 11 (CCPA 1980); In re Fouche, 439 F.2d 
1237, 1243, 169 USPQ 429, 434 (CCPA 1971) 
("[I]f such compositions are in fact useless, ap- 
pellant's specification cannot have taught how to 
use them."). Since the Board affirmed the ex- 



The specification shall contain a written 
description of the invention, and of the 
manner and process of making and using 
it, in such full, clear, concise, and exact 
terms as to enable any person skilled in 
the art to which it pertains, or with which 
it is most nearly connected, to make and 
use the same, and shall set forth the best 
mode contemplated by the inventor of car- 
rying out his invention. 
Obviously, if a claimed invention does not 
have utility, the specification cannot enable 
one to use it. 

As noted, although the examiner and the 
Board both mentioned § 101, and the rejec- 
tion appears to be based on the issue of 
whether the compounds had a practical utili- 
ty, a § 101 issue, the rejection according to 
the Board stands on the requirements of 
§ 112 fl. It is to that provision that we 
address ourselves. 12 The Board gives two 
reasons for the rejection; 13 we will consider 
these in turn. 



[1] The first basis for the Board's deci- 
sion was that the applicants' specification 
failed to disclose a specific disease against 
which the claimed compounds are useful, and 
therefore, absent undue experimentation, one 
of ordinary skill in the art was precluded 
from using the invention. See Hybritech Inc. 
v. Monoclonal Antibodies, Inc., 802 F.2d 
1367, 1384, 231 USPQ 81, 94 (Fed.Cir.1986), 
cert, denied, 480 U.S. 947, 107 S.Ct. 1606, 94 
L.Ed.2d 792 (1987). In support, the Com- 
missioner argues that the disclosed uses in 

aminer's rejection based solely on § 112 111, 
however, our review is limited only to whether 
the application complies with § 112 HI. 

13. The Board's decision did not expressly make 
any independent factual determinations or legal 
conclusions. Rather, the Board stated that it 
"agree[d] with the examiner's well reasoned, 
well stated and fully supported by citation of 
relevant precedent position in every particular, 
and any further comment which we might add 
would be redundant." Ex parte Brana et al., No. 
92-1196 (Bd.Pat.App. & Int. March 19, 1993) at 
2-3. Therefore, reference in this opinion to 
Board findings are actually arguments made by 
the examiner which have been expressly adopted 
by the Board. 
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the '944 application, namely the "treatment 
of diseases" and "antitumor substances," are 
similar to the nebulous disclosure found in- 
sufficient in In re Kirk, 376 F.2d 936, 153 
USPQ 48 (CCPA 1967). This argument is 
not without merit. 

In Kirk applicants claimed a new class of 
steroid compounds. One of the alleged utili- 
ties disclosed in the specification was that 
these compounds possessed "high biological 
activity." Id. at 938, 153 USPQ at 50. The 
specification, however, failed to disclose 
which biological properties made the com- 
pounds useful. Moreover, the court found 
that known specific uses of similar com- 
pounds did not cure this defect since there 
was no disclosure in the specification that the 
properties of the claimed compounds were 
the same as those of the known similar com- 
pounds. Id. at 942, 153 USPQ at 53. Fur- 
thermore, it was not alleged that one of skill 
in the art would have known of any specific 
uses, and therefore, the court concluded this 
alleged use was too obscure to enable one of 
skill in the art to use the claimed invention. 
See also Kawai v. Metlesics, 480 F.2d 880, 
178 USPQ 158 (CCPA 1973). 

Kirk would potentially be dispositive of 
this case were the above-mentioned language 
the only assertion of utility found in the '944 
application. Applicants' specification, howev- 
er, also states that the claimed compounds 

have "a better action and a better action 
spectrum as antitumor substances" than 
known compounds, specifically those ana- 
lyzed in Paull. As previously noted, see su- 
pra note 4, Paull grouped various ben- 
zo[de]isoquinoline-l,3-diones, which had pre- 
viously been tested in vivo for antitumor 
activity against two lymphocytic leukemia tu- 
mor models (P388 and L1210), into various 
structural classifications and analyzed the 
test results of the groups (i.e. what percent 
of the compounds in the particular group 
showed success against the tumor models). 
Since one of the tested compounds, NSC 
308847, was found to be highly effective 
against these two lymphocytic leukemia tu- 
mor models, 14 applicants' favorable compari- 
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son implicitly asserts that their claimed com- 
pounds are highly effective (i.e. useful) 
against lymphocytic leukemia. An alleged 
use against this particular type of cancer is 
much more specific than the vaguely intimat- 
ed uses rejected by the courts in Kirk and 
Kawai. See, e.g., Cross v. Hzuka, 753 F.2d 
at 1048, 224 USPQ at 745 (finding the dis- 
closed practical utility for the claimed com- 
pounds — the inhibition of thromboxane 
synthetase in human or bovine platelet mi- 
crosomes — sufficiently specific to satisfy the 
threshold requirement in Kirk and Kawai.) 

[2] The Commissioner contends, howev- 
er, that P388 and L1210 are not diseases 
since the only way an animal can get sick 
from P388 is by a direct injection of the cell 
line. The Commissioner therefore concludes 
that applicants' reference to Paull in their 
specification does not provide a specific dis- 
ease against which the claimed compounds 
can be used. We disagree. 

As applicants point out, the P388 and 
L1210 cell lines, though technically labeled 
tumor models, were originally derived from 
lymphocytic leukemias in mice. Therefore, 
the P388 and L1210 cell lines do represent 
actual specific lymphocytic tumors; these 
models will produce this particular disease 
once implanted in mice. If applicants were 
required to wait until an animal naturally 
developed this specific tumor before testing 
the effectiveness of a compound against the 
tumor in vivo, as would be implied from the 
Commissioner's argument, there would be no 
effective way to test compounds in vivo on a 
large scale. 

We conclude that these tumor models rep- 
resent a specific disease against which the 
claimed compounds are alleged to be effec- 
tive. Accordingly, in light of the explicit 
reference to Paull, applicants' specification 
alleges a sufficiently specific use. 

2. 

[3,4] The second basis for the Board's 
rejection was that, even if the specification 
did allege a specific use, applicants failed to 



14. Paull also found NSC 308847 to be effective 
against two other test models, B16 melanoma 



and Colon C872. 



1566 



51 FEDERAL REPORTER, 3d SERIES 



prove that the claimed compounds are useful. 
Citing various references, 15 the Board found, 
and the Commissioner now argues, that the 
tests offered by the applicants to prove utili- 
ty were inadequate to convince one of ordi- 
nary skill in the art that the claimed com- 
pounds are useful as antitumor agents. 16 
This court's predecessor has stated: 
[A] specification disclosure which contains 
a teaching of the manner and process of 
making and using the invention in terms 
which correspond in scope to those used in 
describing and defining the subject matter 
sought to be patented must be taken as in 
compliance with the enabling requirement 
of the first paragraph of § 112 unless 
there is reason to doubt the objective truth 
of the statements contained therein which 
must be relied on for enabling support. 
In re Marzocchi 439 F.2d 220, 223, 169 
USPQ 367, 369 (CCPA 1971). From this it 
follows that the PTO has the initial burden of 
challenging a presumptively correct assertion 
of utility in the disclosure. Id. at 224, 169 
USPQ at 370. Only after the PTO provides 
evidence showing that one of ordinary skill in 
the art would reasonably doubt the asserted 
utility does the burden shift to the applicant 
to provide rebuttal evidence sufficient to con- 
vince such a person of the invention's assert- 
ed utility. See In re Bundy, 642 F.2d 430, 
433, 209 USPQ 48, 51 (CCPA 1981). 17 

[5] The PTO has not met this initial bur- 
den. The references cited by the Board, 
Pazdur and Martin, 18 do not question the 
usefulness of any compound as an antitumor 
agent or provide any other evidence to cause 
one of skill in the art to question the asserted 

15. See Pazdur et al.. Correlation of Murine Anti- 
tumor Models in Predicting Clinical Drug Activity 
in Non-Small Cell Lung Cancer: A Six Year Expe- 
rience, 3 Proceedings Am.Soc.Clin.Oncology 219 
(1984); Martin et al., Role of Murine Tumor 
Models in Cancer Research, 46 Cancer Research 
2189 (April 1986). 

16. As noted, this would appear to be a § 101 
issue, rather than § 112. 

17. See also In re Novak, 306 F.2d 924, 928, 134 
USPQ 335, 337 (CCPA 1962) (stating that it is 
proper for the examiner to request evidence to 
substantiate an asserted utility unless one with 
ordinary skill in the art would accept the allega- 
tions as obviously valid and correct); In re Chi- 



utility of applicants' compounds. Rather, 
these references merely discuss the thera- 
peutic predictive value of in vivo murine 
tests — relevant only if applicants must prove 
the ultimate value in humans of their assert- 
ed utility. Likewise, we do not find that the 
nature of applicants' invention alone would 
cause one of skill in the art to reasonably 
doubt the asserted usefulness. 

The purpose of treating cancer with chemi- 
cal compounds does not suggest an inherent- 
ly unbelievable undertaking or involve im- 
plausible scientific principles. In re Jolles, 
628 F.2d at 1327, 206 USPQ at 890. Modern 
science has previously identified numerous 
successful chemotherapeutic agents. In ad- 
dition, the prior art, specifically Zee Cheng 
et al., discloses structurally similar com- 
pounds to those claimed by the applicants 
which have been proven in vivo to be effec- 
tive as chemotherapeutic agents against vari- 
ous tumor models. 

Taking these facts — the nature of the in- 
vention and the PTO's proffered evidence — 
into consideration we conclude that one 
skilled in the art would be without basis to 
reasonably doubt applicants' asserted utility 
on its face. The PTO thus has not satisfied 
its initial burden. Accordingly, applicants 
should not have been required to substanti- 
ate their presumptively correct disclosure to 
avoid a rejection under the first paragraph of 
§ 112. See In re Marzocchi 439 F.2d at 224, 
169 USPQ at 370. 

[6] We do not rest our decision there, 
however. Even if one skilled in the art 

lowsky, 229 F.2d 457, 462, 108 USPQ 321, 325 
(CCPA 1956) ("[VV]here the mode of operation 
alleged can be readily understood and conforms 
to the known laws of physics and chemistry . . . 
no further evidence is required."). But see In re 
Marzocchi, 439 F.2d at 223, 169 USPQ at 369-70 
("In the field of chemistry generally there may be 
times when the well-known unpredictability of 
chemical reactions will alone be enough to cre- 
ate a reasonable doubt as to the accuracy of a 
particular broad statement put forward as en- 
abling support for a claim. This will especially 
be the case where the statement is, on its face, 
contrary to generally accepted scientific princi- 
ples."). 

18. See supra note 15. 
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would have reasonably questioned the assert- 
ed utility, i.e., even if the PTO met its initial 
burden thereby shifting the burden to the 
applicants to offer rebuttal evidence, appli- 
cants proffered sufficient evidence to con- 
vince one of skill in the art of the asserted 
utility. In particular, applicants provided 
through Dr. Kluge's declaration 19 test re- 
sults showing that several compounds within 
the scope of the claims exhibited significant 
antitumor activity against the L1210 stan- 
dard tumor model in vivo. Such evidence 
alone should have been sufficient to satisfy 
applicants' burden. 

[7] The prior art further supports the 
conclusion that one skilled in the art would 
be convinced of the applicants' asserted utili- 
ty. As previously mentioned, prior art — Zee 
Cheng et al. and Paull — disclosed structural- 
ly similar compounds which were proven in 
vivo against various tumor models to be 
effective as chemotherapeutic agents. Al- 
though it is true that minor changes in chem- 
ical compounds can radically alter their ef- 
fects on the human body, Kawai, 480 F.2d at 
891, 178 USPQ at 167, evidence of success in 
structurally similar compounds is relevant in 
determining whether one skilled in the art 
would believe an asserted utility. See Rey- 
Bellet v. Engelhardt, 493 F.2d 1380, 181 
USPQ 453 (CCPA 1974); Kawai 480 F.2d 
880, 178 USPQ 158. 

The Commissioner counters that such in 
vivo tests in animals are only preclinical tests 
to determine whether a compound is suitable 
for processing in the second stage of testing, 
by which he apparently means in vivo testing 
in humans, and therefore are not reasonably 
predictive of the success of the claimed com- 
pounds for treating cancer in humans. 20 The 

19. The declaration of Michael Kluge was signed 
and dated June 19, 1991. This declaration listed 
test results (i.e. antitumor activity) of the claimed 
compounds, in vivo, against L1210 tumor cells 
and concluded that these compounds would like- 
ly be clinically useful as anti-cancer agents. En- 
ablement, or utility, is determined as of the appli- 
cation filing date. In re Glass, 492 F.2d 1228, 
1232, 181 USPQ 31, 34 (CCPA 1974). The Kluge 
declaration, though dated after applicants' filing 
date, can be used to substantiate any doubts as to 
the asserted utility since this pertains to the accu- 
racy of a statement already in the specification. 
In re Marzocchi, 439 F.2d at 224 n. 4, 169 USPQ 
at 370 n. 4. It does not render an insufficient 
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Commissioner, as did the Board, confuses the 
requirements under the law for obtaining a 
patent with the requirements for obtaining 
government approval to market a particular 
drug for human consumption. See Scott v. 
Finney, 34 F.3d 1058, 1063, 32 USPQ2d 1115, 
1120 (Fed.Cir.1994) ("Testing for the full 
safety and effectiveness of a prosthetic de- 
vice is more properly left to the Food and 
Drug Administration (FDA). Title 35 does 
not demand that such human testing occur 
within the confines of Patent and Trademark 
Office (PTO) proceedings."). 

Our court's predecessor has determined 
that proof of an alleged pharmaceutical prop- 
erty for a compound by statistically signifi- 
cant tests with standard experimental ani- 
mals is sufficient to establish utility. In re 
Krimmel, 292 F.2d 948, 953, 130 USPQ 215, 
219 (CCPA 1961); see also In re Bergel, 292 
F.2d 958, 130 USPQ 205 (CCPA 1961). In 
concluding that similar in vivo tests were 
adequate proof of utility the court in In re 
Krimmel stated: 
We hold as we do because it is our firm 
conviction that one who has taught the 
public that a compound exhibits some de- 
sirable pharmaceutical property in a stan- 
dard experimental animal has made a sig- 
nificant and useful contribution to the art, 
even though it may eventually appear that 
the compound is without value in the treat- 
ment in humans. 

Krimmel, 292 F.2d at 953, 130 USPQ at 219. 
Moreover, NCI apparently believes these 
tests are statistically significant because it 
has explicitly recognized both the P388 and 
L1210 murine tumor models as standard 
screening tests for determining whether new 

disclosure enabling, but instead goes to prove 
that the disclosure was in fact enabling when 
filed (i.e., demonstrated utility). 

20. We note that this discussion is relevant to the 
earlier discussion as well. If we were to con- 
clude that these in vivo tests are insufficient to 
establish usefulness for the claimed compounds, 
that would bear on the issue of whether one 
skilled in the art would, in light of the structural- 
ly similar compounds in Paull and Zee Cheng et 
al., have cause to doubt applicants' asserted use- 
fulness for the compounds. 
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compounds may be useful as antitumor 
agents. 

In the context of this case the Martin and 
Pazdur references, on which the Commis- 
sioner relies, do not convince us otherwise. 
Pazdur only questions the reliability of the 
screening tests against lung cancer; it says 
nothing regarding other types of tumors. 
Although the Martin reference does note that 
some laboratory oncologists are skeptical 
about the predictive value of in vivo murine 
tumor models for human therapy, Martin 
recognizes that these tumor models continue 
to contribute to an increasing human cure 
rate. In fact, the authors conclude that this 
perception (i.e. lack of predictive reliability) 
is not tenable in light of present information. 

On the basis of animal studies, and con- 
trolled testing in a limited number of humans 
(referred to as Phase I testing), the Food 
and Drug Administration may authorize 
Phase II clinical studies. See 21 U.S.C. 
§ 355ffl(l); 21 C.F.R. § 312.23(a)(5), (a)(8) 
(1994). Authorization for a Phase II study 
means that the drug may be administered to 
a larger number of humans, but still under 
strictly supervised conditions. The purpose 
of the Phase II study is to determine primar- 
ily the safety of the drug when administered 
to a larger human population, as well as its 
potential efficacy under different dosage re- 
gimes. See 21 C.F.R. § 312.21(b). 

[8] FDA approval, however, is not a pre- 
requisite for finding a compound useful with- 
in the meaning of the patent laws. Scott, 34 
F.3d 1058, 1063, 32 USPQ2d 1115, 1120. 
Usefulness in patent law, and in particular in 
the context of pharmaceutical inventions, 
necessarily includes the expectation of fur- 
ther research and development. The stage 
at which an invention in this field becomes 
useful is well before it is ready to be adminis- 
tered to humans. Were we to require Phase 
II testing in order to prove utility, the associ- 
ated costs would prevent many companies 
from obtaining patent protection on promis- 
ing new inventions, thereby eliminating an 
incentive to pursue, through research and 
development, potential cures in many crucial 
areas such as the treatment of cancer. 



In view of all the foregoing, we conclude 
that applicants' disclosure complies with the 
requirements of 35 U.S.C. § 112 1T 1. 

3. 

[9] The Commissioner takes this oppor- 
tunity to raise the question of this court's 
standard of review when deciding cases on 
appeal from the PTO. Traditionally we have 
recited our standard of review to be, with 
regard to questions of law, that review is 
without deference to the views of the Agency, 
In re Donaldson, 16 F.3d 1189, 1192, 29 
USPQ2d 1845, 1848 (Fed.Cir.1994) (in banc), 
In re Caveney, 761 F.2d 671, 674, 226 USPQ 
1, 3 (Fed.Cir.1985), and with regard to ques- 
tions of fact, we defer to the Agency unless 
its findings are "clearly erroneous." See, 
e.g., In re Baxter Travenol Labs, 952 F.2d 
388, 21 USPQ2d 1281 (Fed.Cir.1991); In re 
Woodruff, 919 F.2d 1575, 16 USPQ2d 1934 
(Fed.Cir.1990); In re De Blauwe, 736 F.2d 
699, 222 USPQ 191 (Fed.Cir.1984). 

[10] With regard to judgment calls, those 
questions that fall "[s]omewhere near the 
middle of the fact-law spectrum," this court 
has recognized "the falseness of the fact-law 
dichotomy, since the determination at issue, 
involving as it does the application of a gen- 
eral legal standard to particular facts, is 
probably most realistically described as nei- 
ther of fact nor law, but mixed." Campbell 
v. Merit Systems Protection Board, 27 F.3d 
1560, 1565 (Fed.Cir.1994). When these ques- 
tions of judgment are before us, whether we 
defer, and the extent to which we defer, 
turns on the nature of the case and the 
nature of the judgment. Id. ("Characteriza- 
tion therefore must follow from an a priori 
decision as to whether deferring ... is sound 
judicial policy. We would be less than can- 
did to suggest otherwise."). 

The Commissioner contends that the ap- 
propriate standard of review for this court 
regarding questions of law, of fact, and mixed 
questions of law and fact, coming to us from 
the PTO is found in the Administrative Pro- 
cedure Act (APA) at 5 U.S.C. § 706. The 
standard set out there is that "[t]he review- 
ing court shall . . . hold unlawful and set 
aside agency action, findings, and conclusions 
found to be — (A) arbitrary, capricious, an 
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abuse of discretion, or otherwise not in accor- 
dance with law; ... (E) unsupported by 
substantial evidence " The Commission- 
er is of the view that the stated standard we 
now use, which is the traditional standard of 
review for matters coming from a trial court, 
is not appropriate for decisions coming from 
an agency with presumed expertise in the 
subject area, and is not in accord with law. 21 

Applicants argue that by custom and tradi- 
tion, recognized by the law of this court, the 
standard of review we have applied, even 
though inconsistent with the standard set 
forth in the APA, nevertheless is a permissi- 
ble standard. In our consideration of this 
issue, there is a reality check: would it mat- 
ter to the outcome in a given case which 
formulation of the standard a court articu- 
lates in arriving at its decision? The answer 
no doubt must be that, even though in some 
cases it might not matter, in others it would, 
otherwise the lengthy debates about the 
meaning of these formulations and the cir- 
cumstances in which they apply would be 
unnecessary. 

A preliminary question, then, is whether 
this is one of those cases in which a differ- 
ence in the standard of review would make a 
difference in the outcome. The ultimate is- 
sue is whether the Board correctly applied 
the § 112 H 1 enablement mandate and its 
implicit requirement of practical utility, or 
perhaps more accurately the underlying re- 
quirement of § 101, to the facts of this case. 
As we have explained, the issue breaks down 
into two subsidiary issues: (1) whether a 
person of ordinary skill in the art would 
conclude that the applicants had sufficiently 
described particular diseases addressed by 
the invention, and (2) whether the Patent Act 
supports a requirement that makes human 
testing a prerequisite to patentability under 
the circumstances of this case. 

The first subsidiary issue, whether the ap- 
plication adequately described particular dis- 
eases, calls for a judgment about what the 
various representations and discussions con- 
tained in the patent application's specification 

21. Congress enacted the Administrative Proce- 
dure Act (APA) on June 11, 1946. See 1 Kenneth 
Culp Davis, Administrative Law Treatise, § 1:7 
(2d ed. 1978). The APA sets forth a framework 
for administrative agency procedure and pro- 
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would say to a person of ordinary skill in the 
art. We have considered that question care- 
fully, and, for the reasons we explained above 
in some detail, we conclude that the Board's 
judgment on this question was erroneous. 
Our conclusion rests on our understanding of 
what a person skilled in the art would gather 
from the various art cited, and from the 
statements in the application itself. We con- 
sider the Board's error to be sufficiently 
clear that it is reversible whether viewed as 
clear error or as resulting in an arbitrary 
and capricious decision. 

The second subsidiary issue, whether hu- 
man testing is a prerequisite to patentability, 
is a pure question of law: what does the 
practical utility requirement mean in a case 
of this kind. Under either our traditional 
standard or under the APA standard no def- 
erence is owed the Agency on a question of 
law, and none was accorded. 

If the question concerning the standard of 
review, raised by the Commissioner, is to be 
addressed meaningfully, it must arise in a 
case in which the decision will turn on that 
question, and, recognizing this, the parties 
fully brief the issue. This is not that case. 
We conclude that it is not necessary to the 
disposition of this case to address the ques- 
tion raised by the Commissioner; according- 
ly, we decline the invitation to do so. 

III. CONCLUSION 

The Board erred in affirming the examin- 
er's rejection under 35 U.S.C. § 112 111. 
The decision is reversed. 



vides judicial review for persons adversely affect- 
ed by final agency actions. Chapter 7, codified 
at 5 U.S.C. § 701-706, contains the APA judicial 
review provisions, including the standard of re- 
view provision quoted above. 
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the art along with Martin for almost 
eight years before the filing date of the 
present application. 

The board's decision is affirmed. 

Affirmed. 
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Application of Alfred MARZOCCHI and 
Eichard C. Horton. 
Patent Appeal No. 8431. 

United States Court of Customs 
and Patent Appeals. 
April 15, 1971. 



Appeal from decision of the patent 
office board of appeals which affirmed 
final rejection of claims 5, 6, 11 and 12 
of application, serial No. 470,618, involv- 
ing technique for improving adhesion 
characteristics between glass fibers and 
vinyl polymer resins. The Court of Cus- 
toms and Patent Appeals, Baldwin, J., 
held that claims 5 and 11, teaching use 
of monomeric vinyl pyrrolidone, were ob- 
vious in light of reference teaching use 
of polymeric vinyl pyrrolidone, but that 
claims 6 and 12, reciting use of poly- 
ethyleneamine, were supported by dis- 
closure which was in compliance with re- 
quirements of specification statute de- 
spite the breadth of the claim, where 
record contained insufficient grounds for 
questioning the accuracy of teaching that 
any polyethyleneamine would function to 
accomplish the asserted result. 

Affirmed in part and reversed in 
part. 

1. Patents ©=18 

In connection with patent applica- 
tion involving technique for improving 
adhesion characteristics between glass 
fibers and vinyl polymer resins, claims 
5 and 11, teaching use of monomeric 



vinyl pyrrolidone were obvious in light 
of reference teaching use of polymeric 
vinyl pyrrolidone. 35 U.S.C.A. § 103. 

2. Patents ®=>18 

Inference of fact that, to one pos- 
sessing the ordinary level of skill in the 
art, it would be obvious to try particu- 
lar composition may at times be enough 
to justify drawing the ultimate conclu- 
sion of law that the claimed subject mat- 
ter as a whole would have been obvious. 
35 U.S.C.A. § 103. 

S. Patents <S=101(4) 

Claims 6 and 12 of patent applica- 
tion relating to technique for improving 
adhesion characteristics between glass 
fibers and vinyl polymer resins, which 
recited use of "polyethyleneamine" 
were supported by disclosure which was 
in compliance with specification statute 
despite contention as to excessive breadth 
of the disputed term, where record con- 
tained insufficient grounds for question- 
ing accuracy of teaching that any poly- 
ethyleneamine would function to accom- 
plish the asserted result. 35 U.S.C.A. § 
112. 

4. Patents ®=»101(4) 

Where generic term is recited in 
patent application, the only relevant con- 
cern of the patent office under specifi- 
cation statute should be the truth of the 
assertion that any member of the class 
will accomplish the desired result, not the 
breadth of the term. 35 U.S.C.A. § 112. 

5. Patents ©=101(4) 

Specification disclosure which con- 
tains teaching of the manner and process 
of making and using the invention in 
terms which correspond in scope to those 
used in describing and defining the sub- 
ject matter sought to be patented must 
be taken as in compliance with the enabl- 
ing requirement of the specification stat- 
ute unless there is reason to doubt the 
objective truth of statements contained 
in the specification which must be re- 
lied on for enabling support. 35 U.S. 
C.A. § 112. 

6. Patents <§=>113(7) 

Unpredictability of chemical reac- 
tions alone may be enough to create 



reasonable doubt as to accuracy of par- 
ticular broad statement put forward as 
enabling support for claim, especially 
where the statement is, on its face, con- 
trary to generally accepted scientific 
principles, but it is incumbent upon the 
patent office, when rejection is made on 
this basis, to explain why it doubts the 
truth or accuracy of the statement. 35 
U.S.C.A. § 112. 

7. Patents <S=>101(4) 

In considering accuracy of specifica- 
tion, pertinent references are not neces- 
sarily prior art references. 35 U.S.C.A. 
§ 112. 
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Herman Hersh, McDougall, Hersh, 
Scott & Ladd, Chicago, 111., attorney of 
record, for appellant. Staelin & Over- 
man, Toledo, Ohio, George A. Degnan, 
Arlington, Va., of counsel. 

S. Wm. Cochran; Washington, D. C, 
for the Commissioner of Patents. Fred 
W. Sherling, Washington, D. C, of coun- 
sel. , 

Before RICH, ALMOND, BALDWIN 
and LANE, Judges, and DURFEE, 
Judge, United States Court of Claims, 
sitting by designation. 

BALDWIN, Judge. 

This is an appeal from the decision of 
the Patent Office Board of Appeals 
which affirmed the final rejection of 
claims 5 and 11 of appellants' applica- 
tion 1 under 35 U.S.C. § 103 as unpatent- 
able in view of Werner * and of claims 6 
and 12 under 35 U.S.C. § 112 as be- 
ing based on an inadequate disclosure. 
Claims 4 and 10 stand allowed. 

THE INVENTION 
The subject matter of the claims on ap- 
peal involves a technique for improving 
the adhesion characteristics between 
glass fibers and vinyl polymer resins. 

I. Serial No. 470,618, filed July 8, 1965, 
for "Fiber Coatings— Nitrogen Compounds 
for Improving Adhesion of Vinyl Poly- 
mers to Glass" as a continuation-in-part 
of Serial No. 96,106, filed March 16, 1961. 



Claim 5 is representative and reads as 
follows: 

5. In the combination of glass fib- 
ers and a vinyl polymer resin composi- 
tion present as a coating on the glass 
fiber surfaces, the improvement which 
comprises mixing the vinyl polymer 
resin, prior to coating of the glass 
fibers, with an amine compound in an 
amount corresponding to 2-10% by 
weight of the vinyl polymer resin, and 
in which the amine compound is mono- 
meric vinyl pyrrolidone. 
Claim 11 is drawn to the same concept 
as claim 5, but defines the invention as 
"a method of producing glass fibers 
coated with polyvinyl resin strongly 
bonded to the glass fiber surfaces." 
Claims 6 and 12 differ from claims 5 and 
11 respectively solely in the recitation of 
"polyethyleneamine" as the critical 
"amine compound" additive. 

THE SECTION 103 REJECTION 
Claims 5 and 11 were rejected "as ob- 
vious in the sense of 35 USC 103 over 
Werner." Werner, the sole reference re- 
lied upon here, is addressed to the im- 
provement in the bonding relationship 
between glass and polyvinyl halide res- 
ins. The pertinent disclosure is as fol- 
lows [emphasis added] : 

I have found that polyvinyl halide 
resins may be successfully modified 
so as to obtain excellent glass adhesion 
by employing a mixture of a polyvinyl 
halide and a polymer of N-vinyl pyr- 
rolidone. By employing a mixture 
containing from 80 to 97% of a poly- 
vinyl halide and from 20 to 3% of a 
polymer of N-vinyl pyrrolidone, which 
term includes homopolymers of vinyl 
pyrrolidone and copolymers with other 
polymerizable monomers, a composition 
is obtained having extremely high ad- 
hesion to all glass surfaces. 
On the basis of this teaching the exam- 
iner took the position, accepted by the 
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board, that the claimed use of monomelic 
vinyl pyrrolidone rather than Werner's 
polymeric vinyl pyrrolidone would be ob- 
vious to on s of ordinary skill in the art 
since Werner's teaching would indicate to 
"one skilled in the art * * * that it 
is the vinyl pyrrolidone moiety that is 
enhancing the adhesion." It was also 
suggested by the examiner that since 
the claims recite no temperature condi- 
tions for the coating operation and since 
monomers polymerize when heated, the 
claims could possibly cover circumstances 
wherein the monomer is polymerized dur- 
ing application. The board appears to 
have accepted this suggestion and to 
have extended it even further. It stated : 
All of Warner's examples specify heat- 
ing at elevated temperatures (110°C- 
130°C., 165°C, 325°F., 350°F) with 
and without elevated pressures. Ap- 
pellants' specification says nothing 
about retaining the vinyl pyrrolidone 
in monomeric form, much less any- 
thing about "maximizing adhesion" 
by preventing polymerization. Indeed, 
the very designation of the vinyl pyr- 
rolidone as a "monomeric" material in- 
troduced into a polymer system for the 
purpose of altering the properties of 
such system implies subsequent poly- 
merization of the monomer. Appel- 
lants' further argument that the mono- 
mer has entirely different capabilities 
and solubilities than the polymer is 
also unpersuasive. 

Appellants' position on appeal in re- 
sponse to these assertions by the exam- 
iner and board is largely to stress again 
the "marked difference between the 
properties and characteristics of a poly- 
mer as compared to a monomer," and to 
object to the "purely conjectural" asser- 
tion that the monomer polymerizes in the 

3. Indeed, the reasonableness of such an as- 
sertion is confirmed by the very disclosure 
contained in appellants' application which 
indicates that efficacious adhesion en- 
hancers are those "organic nitrogenous 
compounds which are characterized both 
by an organic constitution which is com- 



coating after it is applied. Additionally, 
appellants make the following contention: 
Even if it were assumed that appel- 
lants' monomeric vinyl pyrrolidone is 
polymerized when present in the poly- 
vinyl chloride coating, there is no 
teaching or suggestion in Werner that 
the use of monomeric vinyl pyrrolidone 
has any efficacy whatsoever in compo- 
sitions of the type disclosed and claim- 
ed. The basis suggested by the Patent 
Office for the rejection is tantamount 
to the allegation it would be "obvious 
to try" the monomer. This "test" of 
obviousness has been frequently re- 
pudiated by this court. 
[1] The . sole issue is, of course, 
whether the Werner teaching does sug- 
gest to a person having ordinary skill in 
this art that the use of monomeric vinyl 
pyrrolidone would have the efficacy in- 
dicated in the appealed claims. We agree 
with appellants that whether the mono- 
mer polymerizes is irrelevant, at least in 
this regard. What is relevant, however, 
and here determinative, is the examin- 
er's assertion that the Werner teaching 
would suggest that it is the vinyl pyr- 
rolidone moiety alone and not some other 
characteristic peculiar to a polymer 
which is efficacious in producing the de- 
sired adhesion enhancement. 3 In the ab- 
sence of anything to rebut this asser- 
tion, which is reasonable on its face, we 
are constrained to accept it as fact. The 
inferences which follow from such fact, 
i. e., that the monomer would possess 
this same characteristic and that one of 
ordinary skill would recognize such fact, 
are inescapable. 

[2] It is acknowledged that the above 
line of reasoning may be viewed as being 
tantamount to drawing the inference 
that, to one possessing the ordinary level 
of skill in this art, it would be "obvious 

patible with the vinyl polymers and by a 
polarity expressed in the nitrogen func- 
tion." As also pointed out by appellants 
in their brief (about which more will be 
said later), the nature of the present in- 
vention resides in the use of amine com- '. 
pounds, broadly, as adhesion enhancers. 
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to try" the monomer. Nevertheless, such tion must be taken as an assertion by ap- 
an inference of fact may, at times, be pellants that all of the "considerable 
enough to justify drawing the ultimate number of compounds" which are includ- 
conclusion of law that the claimed sub- ed within the generic term would, as a 
ject matter as a whole would have been class, be operative to produce the as- 
obvious under section 103. We are sat- serted enhancement of adhesion charac- 



isfied that the circumstances of this case 
justify an initial conclusion of obvious- 
ness. Since the record before us con- 
tains nothing to rebut that conclusion, 
the decision with regard to claims 5 and 
11 must be affirmed. 

THE SECTION 112 REJECTION 
Claims 6 and 12, which recite the use 
of "polyethyleneamine" as the adhesion 
enhancer, were criticized by the examin- 
er as being based on a disclosure which 
was not enabling under the first para- 
graph of 35 U.S.C. § 112. The board 
affirmed his rejection of those claims 
with the following comment. ' 

The term is obviously generic to a 
considerable number of compounds 
varying in the number of ethylene 
groups, the number of amine groups 
and the relationship of the polyethy- 
lene groups to the amine groups, and 
accordingly does not provide a reason- 
able guide for those seeking to improve 
the adherence of vinyl resins to glass. 

[3] We will reverse the board's deci- 
sion on this rejection since we are un- 
able to find sufficient justification for 
the holding that appellants' disclosure is 
not enabling. 

[4] Turning specifically to the ob- 
jections noted by the board as indicated 
above, it appears that these comments 
indicate nothing more than a concern 
over the breadth of the disputed term. 
If we are correct, then the relevance of 
this concern escapes us. It has never 
been contended that appellants, when 
they included the disputed term in their 
specification, intended only to indicate a 
single compound. Accepting, therefore, 
that the term is a generic one, its recita- 

4. Not necessarily prior art references, it 
should be noted, since the question would 
be regarding the accuracy of a -statement 



teristics. The only relevant concern of 
the Patent Office under these circum- 
stances should be over the truth of any 
such assertion. The first paragraph of 
§ 112 requires nothing more than objec- 
tive enablement. How such a teaching is 
set forth, either by the use of illustrative 
examples or by broad terminology, is of 
no importance. 

[5] As a matter of Patent Office 
practice, then, a specification disclosure 
which contains a teaching of the manner 
and process of making and using the in- 
vention in terms which correspond in 
scope to those used in describing and 
defining the subject matter sought to be 
patented must be taken as in compliance 
with the enabling requirement of the 
first paragraph of § 112 unless there is 
reason to doubt the objective truth of 
the statements contained therein which 
must be relied on for enabling support. 
Assuming that sufficient reason for such 
doubt does exist, a rejection for failure 
to teach how to make and/or use will be 
proper on that basis; such a rejection 
can be overcome by suitable proofs indi- 
cating that the teaching contained in the 
specification is truly enabling. 

[6, 7] In the field of chemistry gen- 
erally, there may be times when the well- 
known unpredictability of chemical reac- 
tions will alone be enough to create a rea- 
sonable doubt as to the accuracy of a par- 
ticular broad statement put forward as 
enabling support for a claim. This will 
especially be the case where the state- 
ment is, on its face, contrary to generally 
accepted scientific principles. Most oft- 
en, additional factors, such as the teach- 
ings in pertinent references, 4 will be 
available to substantiate any doubts that 
the asserted scope of objective enable- 
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ment is in fact commensurate with the 
scope of protection sought and to sup- 
port any demands based thereon, for 
proof. In any event, it is incumbent 
upon the Patent Office, whenever a re- 
jection on this basis is made, to explain 
why it doubts the truth or accuracy of 
any statement in a supporting disclosure 
and to back up assertions of its own with 
acceptable evidence or reasoning which 
is inconsistent with the contested state- 
ment. Otherwise, there would be no 
need for the applicant to go to the trouble 
and expense of supporting his presump- 
tively accurate disclosure. Cf . In re Gaz- 
ave, 379 F.2d 973, 54 CCPA 1524 (1967) ; 
In re Chilowsky, 229 F.2d 457, 43 CCPA 
775 (1956). - 
In the present case, the circumstances 
we see do not support the reasonable- 
ness of any doubts which the Patent 
Office might have had concerning the 
adequacy of appellants' specification dis- 
closure to support these claims. In fact, 
those circumstances tend to strengthen 
rather than weaken appellants' claim to 
the breadth of protection they seek. In 
the first place, it has not been asserted 
by the Patent Office that the chemical 
properties of known polyethyleneamines 
vary to such an extent that it would not 
be expected by one of ordinary skill in 
this art that any such compound would 
possess the necessary capability of en- 
hancing adhesion. Additionally, we note 
that polyethyleneamine is listed in ap- 
pellants' specification as being only one 
of a much larger class of amine com- 
pounds possessing this necessary charac- 
teristic. Finally, we recognize (as did 



the examiner) the generic nature of ap- 
pellants' broader concept, i. e., that the 
desired property of adhesion enhance- 
ment stems largely from the amine moie- 
ty. It does appear that variation of cer- 
tain of the secondary factors mentioned 
by the examiner, such as molecular 
weight or proportion of ethylene groups, 
might influence to some degree or even 
mask the essential "amine" property of 
the polyethyleneamine or its obviously 
equally essential compatibility with 
vinyl polymers. However, we see no ba- 
sis to conclude that the ready avoidance 
of this result would not be within the 
level of ordinary skill in this aft. Com- 
pare In re Skrivan, 427 F.2d 801, 57 
CCPA 1201 (1970). 

Taking all these circumstances into 
consideration, we are constrained to con- 
clude that the record before us contains 
insufficient grounds for questioning the 
accuracy of appellants' teaching that any 
polyethyleneamine (obviously excepting 
those whose essential "amine" charac- 
teristics and compatibility with vinyl 
polymers would be masked by the sec- 
ondary factors mentioned) will function 
to accomplish the asserted result. It fol- 
lows that claims 6 and 12 must be held 
to be supported by a disclosure which is 
in compliance with the requirements of 
the first paragraph of 35 U.S.C. § 112. 

SUMMARY 

The decision of the board regarding 
claims 5 and 11 is affirmed; that dealing 
with claims 6 and 12 is reversed. r 

Modified. 



